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OPERATORS SAFETY SUMMARY

The safely information in this part of the manual Is for operating
personnel. Specific warnings and cautions may also be found
throughout the manual where they apply.

TERMS IN THIS MANUAL

This symbol identilies conditions or practices that could resutt in
damage to the equipment or other property.

' WARNING I

This symbol identifies conditions or practices that could resuft In
personal injury or loss of life.

TERMS MARKED ON EQUIPMENT

CAUTION Indicates a personal injury hazard not immediately
accessible as one reads the markings, or a hazard to properly,
Including the equlpment itself.

DANGER indicates a personal injury hazard immediately acces-
sible as one reads the marking.

A means "Caution, refer to the manual for additional informa-
tion".
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AC POWER SOURCE

To prevent damage to the Spectrum Analyzer, operate it
only from appropriate AC mains sources.

Damage to the instrument can occur if the 50-60 Hertz AC power
source applies more than 250 VAC rms batween conductors, or
bstween either conductor and ground. See Table 2-5 in the
Specifications section for additlonal informatlon.

DC POWER SOURCE

The 2711 Spectrum Analyzer can be powsred from the optional
model 2704/2705 DC-to-AC Inverter and external DG battery
pack. The Analyzer will run for about one hour on a fully charged
2705 Battery Pack, and for extended periods of time on alternate
DC sources. See the 2704 DC-to-AC Inverter and 2705 Battery
Pack instruction manual for further information.

PRODUCT GROUNDING

| WARNING I

Toprevent potentially hazardous voltages from existing on

the exposed metal parts of the 2711, always use the
Analyzer's protective ground.

The 2711 is connected to earih ground via the proleclive ground-
ing lead of its AC power cord. Upon loss of the prolective ground
connection, all accessible conductive parts of the analyzer can
render an elacltric shock.
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INPUT POWER AND VOLTAGE LIMITATIONS

The safe maximum tolal RF input power for the 2711

Spectrum Analyzer is +20 dBm (+67 dBmV). DC input
voltage is limited to 100 VDC maximum.

Tolal input power above the rated maximum can cause damage o
the Instrument, and voids 1he faclory warranty. For a number of
equal amplilude signals, the lotal power is approximately:

Total Single

Signal = Signal + 10log (Number of Signals)

{(dBm) (dBm) .
Thus, the sale maximum amplitude per signal is given below:

Table of safe maximum signal levels.

Number of Signals Input Safe Maximum Amplitude
to Analyzer per Signal (dBm)
1 +20.0
10 +10.0
30 +5.2
50 +3.0
70 +1.5
100 0.0

Remember, two +18 dBm signals total more than +20 dBm! Higher
signal levels should be externally atienuated.

To avoid overloading the analyzer and possibly damaging
it, do not place AC or DC power supply voltages on the input
of the Spectrum Analyzer,

Xi
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USE THE PROPER FUSE

For continued fire protection, obsarve the fuse specilications
located on the back panel of the Spectrum Analyzer,

GENERAL PRECAUTIONS

Xii

I WARNING I

Using the 2711 Spectrum Analyzer in wel/damp conditions
orinclement weather may resuftin electric shock ordamage
to the instrument.

Always allow at least 2" clearance adjacent to the ventilation
holes at the sides, boltom, and back of the Analyzer case.

The 2711 can be damaged by incorrect AC supply voltages, RF
inputs that exceed the maximum ratings, operation in very high
lemperatures or without adequate ventilation, immersion in
liquids, and physical abuse.

To avoid explosion, do not operate this product In explosive
almospheres unless it has been spacifically certified for such
operation.

To avoid personal injury, do not remove covers or panels, or
operate the analyzer withoul the protective covers installed,

To avoid the possibility of overheating, do not operate the
Spectrum Analyzer in a carrying case.

Reler internal service and adjustment to qualified service person-
nel.
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SECTION 1
INTRODUCTION

This section describes the manual you are reading, and Introduces
you to the basic concepts behind RF spectrum analyzers, and the
2711 Spectrum Analyzer in paticular.

MANUAL ORGANIZATION

The manual is divided into three parts. The first part (sectlons
1 through 4) contains reference material that enables the beginning

or experienced operator o safely power up and initially normalize
the 2711.

The second part of the manual consists of sectlons 5 through 7.
These provide detailed explanations of controls and menus, and
some measurement examples which may be especially uselul to
the novice user. Read these sections Interactively, and carry out
the Instructions using the spectrum analyzer. In thls way you
quickly acquire the knowledge and skills necessary to confidently
make accurate measurements.

Part three of the manual consists of several appendices and an
index. The appendices contain information about a number of
topics useful, but not essential, to operating the 2711.

The experienced operator may find that sections 2 and 4, Specifi-
catlons and Operation Summary, provide most of the Information
needed for routine operations. However, a newcomer to spectrum
analysis, may find the material in sections 1 and 3, Introduction
and Getting Acquainted With Your Instrument, especially
helpful. Section 1 contains a brief description of spectrum analysis
and reviews the characteristics of the Tektronix 2711 Spectrum
Analyzer. Section 3 enables you to safely apply power and signals
to the 2711. You become acquainted with the fundamental
controls of the instrument and make your first measurement using
the buili-in calibration signal. For additional information, we
recommend that you also read Tekironix application note 26W-
7037-1, Spectrum Analyzer Fundamentals.

1-1
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The second part of the manual is divided into small lessons. The
end of one lesson and start of the next are indicated by a “settings
box” that {ooks like this:

100.0MHZ (AUTO SWEEP) ATTN 10DB
~20.0DBM VF WIDE
20.0MHZ/ 10 DB/
SMHZ RBW (AUTO)

The box shows what the control seltings of the Spectrum Analyzer
should be to continue with the lesson which follows it. The con-
tants of the box resemble the analyzer's standard on-screen data
readouts, Each lesson begins with the sweap 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,

If you are inexperienced wilh spectrum analyzers, we recommend
that you praceed serially through the second part of the manual.
Although each section can stand alane, they have been written to
acquaint you with the most important features of the analyzer first
and to yield increased experience with previously-discussed
controls as you proceed through the more advanced portions.

Sectlons 5 and 6, Dedlcated Controls and Software Conlrols -
The Menus, explain - with the help of axamples you carry out —
the features of the 2711, and the benelits you gain from each
conirol and menu option. You learn to easily obtain accurate
spectral and time-domain measurements.

Section 7, External Input and Output, teaches you how to get
slgnals in and out of the back panel of your spectrum analyzer,

If you are already familiar with the 2711, this manual can serve as
a “how to” reference. Check the index or table of contents for the
location of the subject of interest. Then set the analyzer according
to the corresponding settings box, and refresh your memory by
carrying out the example following the box.
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TYPOGRAPHICAL CONVENTIONS

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

“Change the center frequency by lurning the
FREQ/MARKERS knob."”

is distinguished from the informational statement:

“Turning the FREQ/MARKERS knob changes the
frequency.”

by the bold text.

Texlual informalion that appears on the spectrum analyzer screen,
such as the data In the readout areas, is printed as It appears on
screen in CAPITALIZED, BOLD PRINT. For instancs, the span
per division and resolution bandwidth appear in the upper left of the
screen In this format:

20.0 MHZ/
3 KHZ RBW

The keys on the Spectrum Analyzer are usually represented by
square brackets enclosing the name of the key. The names are
printed in CAPITALIZED, BOLD PRINT as they appear on the
spectrum analyzer front panal, except that names occupying more
than one line on the analyzer are printed on a single line. For
instance, if we tell you to press:

[REF LVL STEP}

we mean Press the key (in the top center functlon block of the
control panel) that looks llke:

REF LVL
STEP

1-3
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Notice that on the analyzer, the key names may be printed on the
key or directly above the key.

When we want you 1o press a series of keys, we print the series in
saquence. For instance, if we tell you to presgs:

UL (1 1]

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

When selection of an item from a menu Is required, the ilem
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

Text which refers to the title of another section of this manual, or of
another publication, is printed in bold Italics. For instance, we
might suggest that you:

“...sae the Operation Summary section for..."”

If another publication is referenced, its complete title and Tektronix
publication number are supplied.
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WHAT IS A SPECTRUM ANALYZER?

There are several types of spectrum analyzers, but we will describe
only the heterodyne or scanning analyzer. A scanning RF spec-
trum analyzer is essentially a radio receiver. Imagine tuning a
conventional FM broadcast receiver from one end of the band to
the other. As you tuns, plot the reading of the signal level meter
versus frequency. Tha 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
stalions are too close together, you will hear them simultaneously
and you will not be able to get an independent meter reading for
each. This is because the intermediate frequency (IF} filter of the
recelver has a bandwidth too wide to resolve, or separate, the
stations.

In this thought-experiment, you are manvally tuning, or scanning,
the FM broadcast band with a resofution bandwidth aqual {o the
bandwidth of the IF filter in your receiver. Suppose you plot your
measurements on graph paper with one centimeter divisions, so
that each division equals one megahertz. The span/division of the
resuiting plot is then 1 MHz/division.

It you stop tuning, the receiver no longer spans a range of frequen-
cles, but is fixed at the currently selected frequency; it is In zero
span mode. The output of the receiver depends on the signal
coming through the IF filter at the selected frequency. After
deteclion, the sound you hear is proportional to the modulating
signal amplitude. If you plot the amplitude of the signal as a
function of time {or view it on an oscllloscope-type display) you
creale a time-domain representation (signal amplitude vs, time).

A spectrum analyzer performs similarly except that the scan is
usually performed automatically (and faster than you do it manu-
ally) and there is a selaction of IF bandwldths, or resolution
bandwidths, to choose from. Multiple resolution BWs are needed
because in some cases you want to separate closely-spaced,
narrow-band 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 resolution BW of a
given width; generally the smaller the resolution BW, the slower the
speed. The 2711 can automatically select the fasiest speed for
you.
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You can find additional information about basic spectrum analyzer
concepts and definitions in Tektronix application note 26W-7037-1
Spactrum Analyzer Fundamentals .

WHAT CAN YOU DO WITH A SPECTRUM ANALYZER?

Spectrum analyzers measure how the power n an input signal is
distributed in frequency. Therefore, you can use them to deter-
mine signal ampliludes and frequencies, nolse power, carrier-to-
noise {C/N} ratios, signal or filter bandwidths, distortion (harmonic
and intermodulalion), FM deviation, percent modutation, detect
spurious signals, align transmitters and receivers, check specifica-
tions, and so forth.

ABOUT THE 2711

The Tektronix 2711 Is a portable, radio frequency (RF) scanning
spectrum analyzer designed for use in the lield as well as the
shop. ltis light weight (less than 9.5 kg/22 Ibs) and can be
equipped with a battery and inverter for use in locations without AG
power. The instrument is very durable, but rough handling, or
contaminants such as liquids or dust inside the case, can cause
damage. The optional Travel Line package provides additional
protection during fransporiation,

The 2711's user interface is simple enough for the beginner but
versatile enough to salisfy an expert. Fundamental measurement
parameters (center lrequency, span/division, reference level, etc.)
can be controlled directly with dedicated keys. In fact, as you will
learn in section 3, a spectrum may be displayed by touching only
three controls. Convenient call-up menus enable you lo automate
certain operations, such as bandwidth or carrler-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 2711 has a broad range of
standard features. Input signal sensitivity with the built-in preamp
activated can be as low as ~127 dBm, and signals as large as

+20 dBm can be accommodated. A frequency-corracted oscillator
provides accuracy of 1 x 108 of center frequency 5 kHz +1 Least
Signilicant Digit. AUTO operation allows both sweep speed and
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resolution bandwidth to be selected automatically. Digital and
analog displays are standard, as are time-domain functions (with
1ps/div sweep speed in analog mode), AM/FM detection, built-in
preamplilier, user-definable modes, and 3 kHz to 5§ MHz resolution
BWs,

Post-dsteclion digital sampling (at a 2.5 MHz conversion rate) and
slorage is used with a unique max/min display mode thal 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 statislics. A continuously updated
“waterfall” display mode can be used to compare the four most
recent spactral sweeps, Optional GPIB (Option 03) and RS-232
(Option 08) porls are avaitable. Non-volatile random access
memory (NVRAM} enables you to save up 1o 36 front-panel
configurations and a number of speclral sweeps — 28 kbyte of
NVRAM is provided, with an additional 96 kbytes added when
Options 03 or 08 are installed. The exact storage capability
depends on what else you are storing in the instrument (such as
user-defined keysiroke sequences).

Optional capabilities result in even greater performance.

Option 02: Built-In frequency counter for increased frequency
measuremsni precision.

Option 04 : Built-in tracking generator for swept frequency
measuremaents.

Optlon 10: Video monitor for broadcast or satellite TV recep-
tion.

Fligure 1-1 illustrates how the 2711 Is put together, As you proceed
through this manual, you may find it useful to refer to this block
diagram to understand how the various features of the analyzer
operate.

NOTE

Because Tekironix continually improves its products, it is
possible there may be a few differences in how your
Spectrum Analyzer operates compared to the description
in this document. Check with Tektronix if further informa-
tion is needed.
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Figure 1-1. Spectrum analyzer block dlagram.
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SECTION 2
SPECIFICATIONS

INTRODUCTION

This section lists the electrical, physical, and environmental
characteristics of the 2711 Spectrum Analyzer, specifies the
performance requirements for those characteristics, and provides
other supplementary information. Changes 1o a characterlstic
because of the addition of an option are included in the
characterislic's specification.

ELECTRICAL CHARACTERISTICS

Unless otherwlise stated, the following tables of elecirical charac-
teristics and features apply to the 2711 Spectrum Analyzer after a
15 minute warm-up period (within the environmental limits) and
after all normalization procedures have been carried out.

Information in the Performance Requirement column is guaranteed
and verifiable. Supplemental information is intended to further
explain a characteristic, its performance requirement, or to
describe characteristic performance that is impractical to verily,
Supplemental information Is not guaranteed and may not be
supported by a performance check procedure.
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Table 2-1, Frequency related characterlstics.

Characterisllc

Performance
Requirement

Frequency
Range

9 kHz to 1.8 GHz

Supplemental
Information

e ——e e
IR - ——————

Tuned by the FREQ/MKRS
knob, FREQUENCY arrow
keys, or sel via the front
panel keypad or Ultility
Menu.

Accuracy

1 X 10 of center frequency
15 kHz £ 1 Least Signifi-
cant Digit

Assume zero drift since
last normalization proce-
dure.

Long Term Drift

+10 PPM/year,

Short Term Drift

<20 kHz

With frequency comections
enabled,

Readout Resolution

<1% of the selected
span/div to 100 Hz,

Frequency Span/Div
Range

From 100 MHz/div to

10 kHz/div in a 1-2-5 se-
quence, with the SPAN/DIV
arrow keys, or set to arbit-
rary value vla front-panel
keypad or the Utility Menu;
also 180 MHz/div in MAX
SPAN and 0 Hz for ZERO
SPAN.

Accuracy/Linearity

Within 3%

Measured over the center
8 divisions.

Flatness (About the Mid-
point Belween Two Ex-
tremes)

+1.5dB

Measured with 10 dB of
RF Attenuation.
Flatness is affected by:
* Input VSWR.
* Gain variation,

* Mixer conversion.
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Table 2-1. (Conlinued).

Characterisilc

Performance Supplemental
Requirement Information

e —
Residual FM

<2 kHz peak-to-peak total
excursion in 20 ms

Short term, after 1 hour
warm-up,

Resolution Bandwldth

Filter Bandwidths Selections are 5 MHz,
Measured 6 dB Down 300 kHz, 30 kHz, and
3 kHz.
Shape Faclor 7:1 or less for all resolution
(60 dB/6 dB) BWs <1 MHz
Nolse Sldebands 2-70 dBc at 30 times reso-
lution BW for all bandwidlhs
<100 kHz
Video Flller Reduces video bandwidth to

approximately 1/100 of the
selected resolulion band-
width in AUTO,

One of twalve fillers can
also be manually selected
via the Utility Menu: 3 Hz,
10 Hz, 30 Hz, 100 Hz,
300 Hz, 1 kHz, 3 kHz,

10 kHz, 30 kHz, 100 kHz,
300 kHz, and WIDE.
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Table 2-2. Frequency/amplitude related characteristics.

Performance

Characteristic Requlrement
Merker

Supplemental
Informatlon

e,
_ 9

Marker frequency & amgli-
tude readouls displayed on
screen preceded by “M",
Use the FREQ/MKRS knob
or the MKR + = keys to po-
silion the marker to any
point on a digital sweep.
Signal must be above

threshold.
Accuracy
Frequency Same as Span/Div,
Amplitude Function of reference level,
vertical scale, and normal-
izations. See display dy-
" namic range in Table 2-3.
Della Marker When aclivated, a 2nd mar{ Frequency and amplitude
ker is displayed at the differences between mar-
same frequency as the first] kers are read out on screen
marker. This is the "Refer- | preceded by *D". The
ence Marker.” FREQ/ MKRS knob or the
MKR « < kays position the
moveable marker.
Accuracy
Frequency Same as Span/Div.
Amplitude Same as marker.
Center Measure When activated, the signal

nearest center screen (or
with marker on, nearest the
marker) and above a preset
threshold level, is moved to
center screen. The Option
02 displays frequency and
amplilude values, preceded
by the letter "C".

Readout Resolution

10% of Span/Div to 1 kHz

Resolution is selectable,
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Table 2-2. (Continued).
Partormance Supplemental
Characterlsilc Requirement Information

Signal Track

e

—

When activated, continuous-
ly repeats the Center Mea-
sure function to hold a sig-
nal al center screen, Signal
must be above threshold. If
the signal decreases below
the threshold, the instrument

enters idle mode.

Table 2-3. Amplitude related characteristics.

Performance Supplemental
Characterlstic Requlrement Informallon
Vertical Display Mode 10 dB/Div, 5 dB/Div,
1 dB/Div, and Linear.
Relerence Level Top gralicule line.
Range
Log Mode —~70 dBm to +20 dBm.
—23 dBmV to +66.9 dBmV.
Linear Mode 8.84 pV/div to 280 mV/Div.
Slep Size
Log Mode 1 dB or 10 dB,
Linear Mode (Coarse 1-2-5 sequence: 10 pV/Div
Steps) to 280 mV/Div.
Linear (Fine Steps) 20.2 divisions per step.
Accuracy Dependent upon calibrator
accuracy, normalization,
and frequency response.
Display Dynamic Range | 80 dB sy c6g mode | Measuremsnts made within
8 divisions Linear mode 5 db of the notse floor are

not specified for accuracy.
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Table 2-3. (Continued).

Performance

Supplemental

Characilerlstic Requirement Informatlon
Display Dynamlc Range

(Continued)
Accuracy
10 dB/Div Mode 11.0 dB/10 @B to a mai-
mum cumulative error of
+2.0 dB over 70 dB range,
and 14.0 dB cumulative
over 80 dB range
5 dB/Div Mode +1.0 dB/10 dB to & maxi-
mum cumulative error of
12.0 dB over 40 dB range
1 dB/Div Mode 11.0 dB/10 dB maximum
over the 8 dB range
Linear Mode 15% of full scale
AF Attenuator Range 0to 50 dB in 2 dB steps.
Sensliivily Equivalent maximum input
Without Preamp noiseforeach resolution band-
= width.
Resolution BW 100 MHz 1.8 GHz
5 MHz —85 dBm —77 dBm Decrgase in seqsitivily is ap-
proximately linear from
300 kHz —97 dBm —89dBm | 100 MHz to 1.8 GHz.
30kHz -107 dBm —99 dBm |
Slartspur rasulls In maximum
3 kHz —117d8m_ | 109 dBm 20 dB sensitivity loss from
Sensitivity 10 MHz to 9 kHz.
With Preamp Sensitivity with preamp is not
5 MHz —97 dBm specified above 600 MHz.
300 kHz -109 dBm
30 kHz —119 dBm
3 kHz —129 dBm
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Table 2-3, (Continued).

Characterisiic

Performance
Requirement

Supplemental
Informalion

Spurlous Responses
Residual (No Input) $-100 dBm except at With no AF Attenuation,
1780 MHz, whera the resid-
ual is -90 dBm or less
3rd Order Intermodula- | <70 dBc From any two on-screen
tion Products slgnals within any frequency
span,
Zero Frequency (OHz) | <—10dBm Referenced to Input with
0 dB RF Attenuation.
2nd Hammonic Distortion | < —66 dBm Measured with 1st mixer
input tevel of < -40 dB.
LO Emission £-70 dBm With 0 dB RF Attenuation.

Table 2-4. Input/output signal characteristics.

Characterlstlc

RF Input

Perlormance
Requirement

e
———e

Supplemental

Informatlon
——e—————
Type N 50 Q femals
connecilor.

VSWR (RF atten 210 dB)

1.5:1 maximum

VSWR (0 dB RF atten)

3.0:1 maximum

Maximum Safe Input

+20dBm (0.1 Wor2.2v)
and 100 VDC conlinuous,

DO NOT EXCEED MAX!.
MUM RATINGS,

1 dB Compression Point

mixer Input

—15 dBm minimum at first

First mixer optimum input
level must be set to

30 dBm (INPUT) (4).
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Tabie 2-4. (Continued).

Performance Supplemental
Characterlstic Requirement Information
EXT TRIG (J102) BNC conneclor, 10 k 0
impedance, DC coupled for
external trigger signals.
Voltage Range
Minimum Typically 100 mV, 15 Hz to
1 MHz.
Maximum 50V (DC + peak AC).
Pulse Width 0.1 us minimum,
ACCESSORY DB-9 temale connector,
CONNECTOR (J103)
Pin 1: External Video Typically 100 ©, DC coupled
Input 0-1.6V (200mV/ Div), input
signal tor vertical deflaction
of the CRT beam. Signal Is
processed by the digital
slorage circuits (which can
be turned off) and the 1, §,
and 10 dB scale factor cir-
cuits. Also used as the
Model 1405 marker input.
Pin 2: Chassis and Signal
Ground
Pin 3: Video Output —+1.6 V| Provides 0 Vto +1.6 V of
video signal, inversely pro-
portional to the ventical dis-
—0V play amplitude. 0V is the
top of the screen. Imped-
ance is 1 kQ,
+2.0 V minimum (High)

Pin 6: Sweep Gate

+0.8 V maximum (Low)

TTL-compalible signal that
goes to a logic high level
while the CRT beam is
sweeping.
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Table 2-4. (Continued).
Performance Supplemental
Characterislic Requirement Informallon

Pin 7: Sweep Outpul

+1.3V
\_I——Ls v

Provides nominal +1.3 V to
-1.3 V negative-going ramp,
proportional lo the horizontal
sweep (output impedance
<50 Q).

Pins 4, 5,8, and 9

Reserved for future pro-
gramming oplions.

Table 2-5. Power requirements.

Performence Supplemental
Characterlsilc Requlrement Information
Input Voitage
Line Voltage Range 80V, fo 250&
Line Frequency Range |48 Hz 1o 63 Hz
Line Voltage Range 0V, 10132V,
Line Frequency Range | 48 Hz to 440 Hz
Line Fuse 2A Slow-Blow
Input Power 90 W (1.2 A) for standard | At 115V and 60 Hz.
Instrument
105 W (1.4 A) maximum
wilh opliong {11F W ingyj.
mum al ¢ * g 440 Hg)
Leakage Current 3.5 mA maximum or 5 mA
ponk num.

sy
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Table 2-6. General characteristics.

Characlerlstlc

Sweep

Performance
Requirement

Supplemenial
Information

Normal, Single Sweep, and

Sweep Rate 1psto 2s/Divina 1-2-5 Manual Scan.
sequence
Accuracy 110% over the center 8
divisions
Triggering Free Run, Internal, External,

Internal Trigger Level

1 division or more of signat

Line, TV Line, and TV Field.

External Trigger Level

See EXT TRIG (J102) in
Table 2-4,

Non-Volatite Memory

Instrument settings, wave-

{Battery-Backed Up) forms, and Normalization re-
sults are stored in non-vola-
tile RAM.

Battery Life
At +55°C Ambient 1 to 2 years.
Temperature
At +25°C Ambient Al least 5 years.
Temperature
Temperature Range -10°C to +75°C,
for Retaining Data
Internat Callbrator Provides 100 MHz marker
Amplitude and -30 dBm 10.3 dB at for amplitude calibration and
Accuracy 100 MHz 15 kHz comb of 100 MHz markers
tor frequency and span calii-
bration,
Drift 110 PPM/Year

I WARNING I

Handling and disposing of lithium cells can be hazardous. Refer
all battery maintenance to a Tekironix service center.
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Table 2-7. Supplementary characteristics due to options,

Performance Supplemental
Characterlstic % Requlrement Informaitfon
Option 02 Adds frequency counter.
Fraquency Accuracy CFX10%+10Hz £ 1 LSD | Assume zero drift since last
{Counter) normalization procedurs,
{(Spans < 10 MHz/Div)
Readout Resolution 1 Hz or 1 kHz, menu
selectable.
Frequency Drift 10 PPM/Year.
Delta Marker Frequency |2(CF X 10®+10 Hz +1 LSD)
Accuracy
Opllon 03 24-pin connector; conforms
to IEEE Standard 488.1 -
1978,
Option 04 Adds tracking generator.
Frequency

Range 100 kHz 10 1.8 GHz Tracks the Spectrum Anal-

yzer input.

TG TRACKING (Offset)| Sufficient to align Tracking | Auto Frequency correction
Generator o Spectrum An- | for centering Into Spectrum
alyzer window Analyzer window, typically

~5 kHz to +60 kHz.
Culput Level
Range —48 dBm to 0 dBm 0.1 dB steps.
Accuracy +1.5dB At 100 MHz.
Output Impedance 50 Q nominal.

VSWR

2:1 or better with oulput

level < -8 dBm
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Table 2-7. (Continued).

Characterlstic Requirement
Oplion 04 {Conlinued)

Flatness
Tracking Generator

Performance

Supplemeniat
informatlon

11 dB from 100 kHz to
1.0 GHz and +1 5 dB 10
1.8 GHz

Typically +1 dB to 1.8 GHz.

System® 12.5 dB from 100 kHz to With 10 dB of attenuation in
1.0 GHz and 3 dB 10 the Spectrum Analyzer.
1.8 GHz
User-Comected 0.2 dB Using B, C — SAVE A Flat-
ness feature,
System Dynamlic Range |[2100 dB Sensitivity 2 —100 dBm.

System Residual FM

$100 Hz p-p total excursion
in 20 ms,

Spurious Signals
Hammonic

~20 dBc or better with re-
spect to the fundamental

At frequencies 2100 kHz.

Non-Harmonic

-35 dBc or better with re-
spect to the fundamental

Option 08 Provides RS-232 serial in-
terface port {(J103). Ex-
cludes Option 03.

Opilon 10 Adds Video Monitor
capability,

Optlon 15 Adds rear-panel 1st LO

output,

1st LO Cutput Level

20 dBm

*System = Tracking Generalor and Spectrum Analyzer combination.
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ENVIRONMENTAL CHARACTERISTICS

The environmental characteristics of the"2711 Spectrum Analyzer
are listed below, A brief descriplion of each characteristic and how
it was obtained is provided. The 2711 meets MIL T-28800E, type
IIl, class 5, style G specifications,

Table 2-8. Environmental characterlstics,

Characteristic Description
Q_______—__ -—'_"_'__._-_-_'-—-_'__-_-—-_._.__________
Temperature

Operaling and Humidity 0°C to +50°C MIL T-28800E 5 cycles (120 hours).
Non-operaling » ~55°C* 1o +75°C.
Altitude
Operating 15,000 foat,
Non-operating 50,000 feel,

Humldity (Non-operating)

Five cycles (120 hours) in accordance with MIL-Std-
2B800E, class 5.

Vibratlon

Operaling (Instrument se-
cured to a vibration platform
during test)

MIL-Std-28800E, Method 514 Procedure X (modi-
fied). 15 minutes along each of 3 major axes at a
total displacement of 0.015 inch peak-to-peak (2.4 g
at 55 Hz), wilh lrequency varied from 10 Hz to 565 Hz
in 1-minute sweeps. Hold for 10 minutes at 55 Hz,
All major resonances must be above 55 Hz.

Shock (Operating and Non-
operaling)

Three guillotine-type shocks of 30 g, one-half slne,
11 ms duration each direction along each major axis;
total of 18 shocks,

Transit Drop (Free Fall)

8 Inch, one per each of six faces and eight corners
(Instrument is tesled and meets drop height of 12
inches),

* After slorage at temperatures

below —15° C, the Instrument may not resel when

power Is first turned on. It this happens, allow the Instrument to warm up for at least
15 minutes, then wrn POWER OFF for 5 seconds and back on.

®*NVRAM Is lost below =10°C.
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Table 2-8. (Continued).

Characterlstic

Description

Eleciromagnellc interference
Radiated and conducted
emission

FCC

VDE

—_—
e

||

FCC Part 15, sub-part J, Class A.
VDE 0871, Class B.

PHYSICAL SPECIFICATIONS
Table 2-9 lists the weight and dimensions of the 2711 Spectrum

Analyzer.

Table 2-9. Physical characterlistics.

Characterlstic

Descripilon

%

Welght <11.25 kg (25 Ibs) maximum, including standard
accessories. <10.2 kg (22.5 Ibs) nominal for basic
configuration.

Dimenslons

Height with feet and handle 137 mm (5.4 in).
Width
With Handle 361 mm (14.2 in).
Without Handle 328 mm (12.9 in).
Depth

With Front Panel Cover

445 mm (17.5 in).

Without Front Panel
Cover

428 mm (16.85 in).

With Handle Extended

511 mm (20.1 in).
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SECTION 3
GETTING ACQUAINTED
WITH YOUR INSTRUMENT

This section describes the procedure you should follow when your
new Spectrum Analyzer arrives from the factory. To prevent
damage to the instrument during initial check out and subsequent
use, be sure to observe the indicated precautions,

RECEIVING AND UNPACKING

The 2711 Spectrum Analyzer and its standard accessories are
carefully packed at the factory using a specially designed shipping
container to prevent damage during transit. .

if, upon receipt, damage to the shipping container was evident,
nolify the shipper. Tektronix is not responsible lor damage caused
during shipping.

if you have not already done so, carefully remove the instrument
and its accessories from the shipping container and inspect them
for damage. Do not deslroy the shipping container. Test instru-
ment operation using the procedure in System Checkout later In
this section. If damage or delects are discovered, or if compo-
nents are missing, notify your Tekironix representative. He or she
will instruct you on how to proceed.

PACKAGING AND STORING

In the event that the equipment must be retumed to a Tekironix
Service Center, carefully package it in the original shipping
container, Use the vinyl vapor barrier, and insert the original foam
blocks in the same fashion they were received. It the original
shipping materlals are not available, use a container of equivalent
strength and dimensions, Wrap the instrument in a vinyl vapor
barrier, and cushlon the instrument on all sides with foam or other
suitable packing material,
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Attach a tag to the instrument clearly showing:
» owner's name and address
» name of the person at your location who may be contacted
* Instrument model and serial number
» description of the problem and service expected

The 2711 can be slored up to 90 days In an environment that
meets the non-operating specifications. It is suggested that you
provide a dust cover. For longer periods, the Instrument should be
enclosed in a vapor bariler containing appropriate desiccant
material and stored in an environment that meets the non-operat-
ing specifications. The original shipping material can be used, and
is also useful for protecting the 2711 when It is moved.

INSTALLATION

3-2

The 2711 is designed for table-top operation in any orientation,
and requires no special installation. However, the handle can be
positioned at several angles to serve as a convenient tilt stand. To
position the handle, pull out at both pivot points on the sides of the
instrument, and simultaneously rotale the handle to the desired
position.

Teklronix also provides an optional 2711 rackmount adapter kit
(Option 30) which requires a 133 mm (5v, inch) vertical clearancs,
and a “cradle mount” adapter {(Option 34) which requires 178 mm
(7 Inches). Contact your Tektronix representative for additional
information.

The 2711 is equipped with a plastic {ront panel cover to protect it
{from mechanical damage. The cover should always be used when
transporting the instrument. To remove the cover, place the
Instrument on iis back feet, and then simultaneously pull out and
up slightly on each side of the cover.

Regardless of where the 2711 is used or installed, always provide
at least 51 mm (2 Inches) of clearance adjacent to the cooling
vents at the sides, bottom, and back of the instrument.

See Seclion 2, Specifications, for input power requirements,
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PRECAUTIONS

The 2711 is rugged but not indestructible.  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 instrument with undue roughness
* nol providing proper ventilation

Never apply signals to the 2711 input if their combined amplitude is
greater than +20 dBm, or if there Is a DC component greater than
100 voits. If you exceed these maximum input ratings, you can
permanently damage the instrument.

i necessary, use an external attenuator first. Further, to prevent
damaging transients, use maximum RF Attenuation when connect-
ing a signal with a DC component. Then remove attenuation as _
needed 1o make the measurement. Also be aware that the 2711 is
oplimized for a ~30 dBm input to the first mixer. A larger input
signal may lead to non-linear operation and inaccurats resutts.

DO NOT connect the 2711 directly to a CATV trunk carrying AC
power. The mixer can be overloaded making accurate measure-
ments Impossible, and a surge in the power might place the peak
AC voltage above the level tolerable by the instrument.

NOTE

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

The 2711 will accept mains power up to 250 Vrms (see section 2
for additional information). In the normal laboratory or factory
environment, using standard plugs and receptacles, it is unlikely
that you will apply incorrect power. However, in the field or during
abnormal conditions, you might have to rig temporary power. Be
certain that any power source connected to the 2711 applies less
than 250 Vrms between conductors or between either conductor
and ground. To safeguard the source, ensure that It is rated for at
least 120 Watt operation.
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Avoid exposing your instrument to water, chemicals, dust, or grit or
other contaminants; the case is not water- or air-tight. Do not
place liquid containers on or near the Instrument where they can
be spilled into it. Use the Travel Line rain cover (Option 33), or
other suitable covering, when transporting the 2711 out of doors in
inclement weather.

Although the 2711 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
iwo inches clearance around other sides, DO NOT block
the air intake areas on the sides or bottom of the 2711 or
the exhaust area al the rear. Never run the instrument
inside a case.

Do not physically abuse the 2711. It can withstand a fair amount
of rough handling, but dropping it off a workbanch or bouncing it
around the trunk of a car or the back of a truck may cause dam-
age. Protect the instrument while transporting it and use it where it
cannot be accidentally hil, kicked, or dropped.

SYSTEM CHECKOUT

After you have observed the foregoing precautions, you are ready
to perform the initial system checkout, Checkout consists of
“normalizing” the 2711 and then measuring the frequency and
amplitude of the built-in calibration source. In the procsss, you will
become acquainted with the front panel and the display.

NOTE

During this section, perform the operations that are
highlighted with bold text.

Turning On the 2711

Make sure there Is no signal source connected to the Insiru-
ment and plug In the power cord. Then press [POWER]).
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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 instrument performs its power-up "self test.”

When power is applied to the 2711, 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 section 6). If no user-defined
settings exist, the 2711 defaults to the factory power-up settings
which are permanently stored in read-only memory (ROM).

A display appears on screen almost immediately. You may see the
messages:

WAITING FOR USER DEFINED POWERUP
WARMUP TIME 15 MIN

When the factory-default power-up settings are used, the WAITING
FOR USER DEFINED POWERUP message does not appear and
it is possible to make general observations immediately after the
power Is turned on. I user-defined power-up seltings are imple-
mented, the WAITING FOR USER DEFINED POWERUP message
appears briefly. The front panel is locked out while the message Is
displayed. After the message disappears, the user-defined
seltings replace the factory default settings and normal operation
begins.

Whichever seltings are used, the WARMUP message is displayed.
It disappears after a few seconds. Remember, however, that the
instrument may require a full 15 minutes to be operating within
specification. Consequently, measurement errors and system
messages can occur within the warm-up period, particularly if you
swilch the 2711 to a narrow span or resolution bandwidth filter.
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Initial Normalization

You may also see the following phrase during warm-up:
NORMALIZATION SUGGESTED

Normalization is a process by which the 2711 measures and stores
its own calibration paramelers using a built-in reference. When
this message appears, the instrument is reporting that its self-test
feature has determined that the petformance of the 2711 no longer
matches that predicted by the previous normalization. It is not
unusual for the message to appear during the warm-up period,
especlally if a narrow resolution bandwidth fitter is called for by
user-defined power-up settings, or if the ambient temperature is
dilferent than that at which the previous normalization was
performed. If the message remains (or reappears) after the warm-
up perlod, a new normalization should be carried out. Normaliza-
tion ensures the utmost accuracy when making measurements. It
Is suggested that, whenever maximum accuracy Is required, you
allow your instrument fo 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.

You will now perform a normalization to ensure the calibration of
the 2711, and to verify its operational status, Here, we will simply

lell you how to do it, but additional information about normalization
may be found in Section 6 under Normalizing the 2711.

To normalize the 2711, ensure that all external signals are
disconnected from the Insirument, and then press:

[UTIL] [3]

Pressing the [UTIL] and [3] keys calls up a menu which offers you
a choice of normalizatlon processes,

Press [0] to select ALL PARAMETERS*.

'Does not Include the optlonal iracking generator {Optlon 04).

v
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Normalization should begin immediately and continue without
interruptlon until it is completed. Normalizing all parameters
requires several minutes. During the process, you will see varlous
displays and messages which keep you informed of progress, but
do not require action. The process ends with an audible beep and
the: '

NORMALIZATION COMPLETE

message indicating salisfactory operation. If you recelve any
other message terminating this inltial normaillzatlon, repeat
the procedure. If the message persists, contact your Teklro-
nix Service Center.

Restoring the Factory Default Settings

To ensure a unlform starting polnt for the callbration signal
measurement, restore the factory-defaull power-on seltings by
pressing:

[UTIL] (1] 1]

Pressing [UTIL] [1] [1] restores the factory-default settings when-
ever the 2711 is in normal spectral display mode (and most other
modes). It is a handy methed of returning to a fixed set of condi-
tions if you get lost,

The factory defaulls set the reference level and span lo maximum.
With the reference level at maximum, the incoming signat under-
goes maximum RF attenuation. This is a safeguard designed to
prevent overloading the first mixer stage of the instrument. The
span is sel to maximum so that you observe the entire Input
frequency range of the 2711. This prevents you from overlooking a
large off-screen signal which might overload the input or the first
mixer. We urge you to use these setlings whenever you input a
new or unknown signal to the instrument,

3-7
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Figure 3-1. 2711 display with factory power-up seitings.

The initial Display

Figure 3-1 shows what the screen looks like with the factory
power-up settings implemented. The displayed spectrum repre-
sents the noise floor of the 2711, The noise floor is the amplitude
of the nolse generated internally by the instrument itself and
passed through the resolution bandwidth filter, Narrowing the
resolution bandwidth lowers the noise floor because noise power is
propottional to the resolution bandwidth.

The noise appears as a thick, irregular band across the bottom half
of the screen. To achieve this appearance, digital display storage
is used. The unique max/min display shown here is designed to
resemble the analog spectra which the 2711 inherently produces.
To see the analog display, press:

[D]
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Center frequency RF alienuation
Reference level Video filter bandwidth
Horizontal scale factor Vertical scale factor

Resolution bandwidth

Various messages may appear as needed below the
dala readout columns

Flgure 3-2. Normal on-screen data readouts.

This turns off the D storage register (the oniy one currently
enabled). When all registers are turned off, the analog display
appears. Press [D] repeatedly 1o toggle the D-reglster on and
off, and notice the simllarity between displays. Leave the D-
register turned on (red LED beneath the [D] key IR.

To obtain the max/min display, the maximum and minimum
amplitudes of the analog spectrum are each sampled at 258 polnts.
Plotting the two interleaved sels of 256 points produces the 512
point graph of the spectrum that you see, This display not only
imitates the analog spectrum, but can also assist in detecting low-
lovel signals by more elfactively showing the characteristic void
they produce under the nolse floor.

The speciral display is overlaid by a 32-character wide by 16-
character high text screen. Not all of the text fields are displayed

all the time, and you can turn the text screen on and off by pressing
[READOUT].

The top hall of the text screen conlains two data readout columns
which are present whenever the text screen is turned on. The
readouts show Instrument settings or measurement results. Figure
3-2 shows the data normally displayed in the readout columns.

You can optionally display starting frequency (frequency at the left
edge of the display) at the top of the left column instead of center
frequency.

If the Instrument is placed in MAX SPAN mode as it Is now, the

resulting speclrum spans the entire Input frequency range. In this
mode (indicated by MAX following the horizontal scale factor), the
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first item In the left column lists the fraquency at the location of the
marker (the Intensified spot on the display).

The types of Informatlon in the right column may change depend-
ing on operating mode. You will learn when to expect alternate
Information as we discuss the various modes.

Below the readout columns, messages and Indicators appear as
warranted, and numeric instrument sellings can be entered.

Control Panel Basics

The control pane! possesses several characieristics which make it
easy and convenient lo operate:

Controls with related functions are generally grouped
logether. The groupings are defined by the borders or
background color surrounding the conirols, We shall refer
to the groupings as function blocks.

Dedicated function keys permit quick selection of important
measurement functions.

Arrow keys directly increase and decrease critical control
seftings.

Menu keys located in the MENUS function block call up
lists of operator-selectable features.

Numeric keypad keys permit selection of menu options and
entering of crilical measurement parameters,

Terminator keys in the keypad block designate the cotrect
units for numeric entries with a single keystroke.

An immediale entry mode which enables you to enter
arbltrary values for the frequency, span, and reference
level directly from the keypad.

Red LED function status indicators adjacent fo certain keys
indicate when the functions are active,

Green LED register status indicators illuminate when any
storage register contains a saved waveform.

If desired, spectrum measurements may ba carried out using only
the front panel dedicated function keys; you do not have 1o use
menus. Notice especially that the conlrols most fundamental to
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spectrum measurements (FREQUENCY, SPAN/DIV, and REF
LEVEL) are located in a single central function block with a dark
gray background. These controls can be conveniently set using
either the arrow keys or Immedlate entry mode.

The arrow keys enable you to instantly change control settings.

[t] always increases its related parameter, whereas [4 ] decreases
it. The arrow keys are active whenever the instrument is in
spectral display mode.

In immediate entry mode, you press the key corresponding to the
parameter you wish to set (FREQUENCY, SPAN/DIV, or REF
LEVEL), type the parameter value on the keypad, and press the
appropriate terminator key to complete the entry. The value
appears on screen as you type,

Each of the terminator keys ([W], [X], Y], [Z]) can represent more
than one unit as indicated by the legend to the right of each key.
Howaever, the keys are conltext sensitive: if an entry represents a
frequency, the indicated frequency unit is selacted automatically
when you press the key. For example, If dBs are required, the
indicated dB unit is selected.

One other noteworihy feature: many keys are toggle-action. The
ability o undo an action, including menu selection, by pushing the
same button, or sequence of bullons, that carried out the action is
typical of operations performed on the 2711.
To observe the loggle actlon, press:

[VID FLTR]

The red video filter LED illuminates, and the trace shrinks vertically
as the filter turns on and averages the noise.

Press [VID FLTR] again.

The noise spectrum expands to its original size as the filter is
turned off, and the LED goes out.

3-11
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Sounds

The 2711 can emit tones under the following conditions:
* during power-on self test
+ whan an abnormal condition occurs
» when a message appears
+ when a key Is pressed

The self test tones were produced when you turned on the 2711,
The tone may be set to sound when an error occurs, when a key is
pressed, when either happens, or never.

If an abnormal condition exists, such as a request to extend a
measurement parameter beyond its range, the 2711 emils the
high-level one. A message is simultaneously displayed on screen
describing the abnormal condition.

The 2711 can also emit other sounds. It is equipped with AM and
FM demodulator circuits which extract the audio signals on
amplitude or frequency modulated RF signals. The demodulated
audio Is reproduced from the built-in speaker. This fealure can be
used to ldentify most volce channels based on thelr 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 quality audio or private listening, use the headphone
jack on the right side of the instrument. The AM/FM demodutators

are covered In the discussion of the DEMOD/TG Menu in section
6.

The Bulli-In Calibrator

3-12

The 2711 Is equipped with a built-in calibration source. This
calibrator may be different from others you have encountered
because there is no external “Cal Signal” output. Instead, the
calibrator signal is Internally connected to the input, without the
need for externat cabling (and attendant mismatches), by selecting
the proper INPUT MENU option.
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To call up the INPUT MENU, press:
[INPUT]

ltem 9 specilies a CAL SIG @ 100MHz -30DBM. The calibrator is
a CW signal with a fundamental frequency of 100 MHz +5 kHz at
an amplitude of ~30 £0.3 dBm. Higher order harmonics at lower
levels are also present. ltem 9 toggles the calibrator on and off.

Turn the callbrator on by pressing:

[9]

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. You should see a few
signal peaks towards the left of the display. These are the calibra-
tion signal's fundamental and harmonlcs. If you do not see them,
the amplitudes of the harmonics may be lower than the 2711's
noise floor,

NOTE

When the calibrator is tumed on, the normal RF input is
disconnected internally from the input attenuator and can-
not be viewed.

Turn the calibrator off by pressing:

[INPUT] [9]

Making Your First Measurement

You will begin by verifying the frequency and amplitude of the
2711's calibralion signal. Altheugh =< alibration signal is used,
the measuremer:! 'schnique ‘s the - - <= for any conhnuous signal.
in the process, v will leam i iss i'17ee of the most important
controls on the in=lrument, :... tu c:u it That the major functions
of the instrumen' - operain - courecth,
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The factory defaults set the instrument’s RF attenuatlion to 50 dB.
This affords the most protection to the instrument because any
signal at the input undergoes maximum attenuation before
reaching the power-sensitive mixer clrcuit. It is recommended that
you use this setting when connecling unknown signals to the 2711,
The span is set to 180 MHz per division. This is maximum span,
and 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
entire measurement range (1.8 GHz) of the instrument. I a
smaller span is used, large signals can be present off screen.
Remember — the fofal signal power (ihat is, all signals on screen
or off added together), not just the signal of Interest, must remain
below +20 dBm. With a small spanitis possible to reduce the
altenuation to view a weak, on-screen signal while inadvertently
allowing an off-screen, high-level signal to saturate the mixer.
Spurious responses, and possibly even damage to the mixer, are
often the result. Press [INPUT] [9] to turn on the buiit-in
calibrator via the tnput Menu.

You will now use the three primary controls on the instrument to
measure the calibration signal. These are contained in the central,
dark gray function block shown in Figure 3-3.

These, and the large FREQ/MKRS knob to the left, are the controls
you will use most often. In principle, you can make nearly all
measurements with only these controls, although you will find that
other controts and menu features enable you to make many
measurements more quickly and conveniently. First, you need to
raise the displayed signal height. You do this by reducing the
reference level. The reference level represents the signal power
needed to dellect the displayed spectrum to the top graticule line.
The 2711 provides several methods of directly changing reference
level. The mosl convenient method is to press the [+ ] [+] keys.

Press [4 ] (to the right of [REF LEVEL] 3 times to reduce the
reference level by 30 dB, 1o —10 dBm. Figure 3-4 shows the
resulting disptay. Do not be concerned if some of the signal peaks
on your instrument have slightly different amplitudes than those
shown in the illustration.
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Change Frequency
Selecls Fraquency In Designated Change Span/Dlv
For Immediate Slep Size In 1-2-5 Sequence
Keypad Entry Dscrease  Increase Dacrease  Increase

FREQUENCY |

g
i

REF LEVEL

Selects Span/Div Selects Decrease Increase
For immediale Reference Level Change Relerence
Keypad Enlry For Immediate Lavel In 1 dB or

Keypad Enlry 10 dB Sleps

Figure 3-3, The 2711's primary conlrols.

Notice that both the reference level and RF attenuation
readouts have decreased 30 dB (the reference lovel Is
~10 dBm and the RF attenuallon Is 20 dB).

Normally the arrow keys change the reference level 10 dB per
press, but in FINE mode the value changes 1 dB per press,

The immediate entry mode will now be used to sel the reference
level to —28 dBm. We have chosen this value for iwo reasons:

» Signal amptitudes are read out and displayed most
accurately when they are near the reference level.

* This level is 2 dB greater than the expected signal ampli-
tuds, providing a small screen area above the peak if the
signal is larger than anticipated.
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Fundamental Harmonics
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Flgure 3-4. 100 MHz callbration signal and harmonics.

First press [REF LEVEL] to place reference level in immediate
entry mode. The abbreviation REFL will appear at the left center
of the screen.

The REFL indicator indicates that you can enter the reference level
directly from the keypad. This is done by typing a permissible
value followed by an appropriate terminator key.

NOTE

In spectral display mode the abbraviation for the control
last placed in immediate entry mode remains on screen
until another control is chosen. When a control is in
immediate entry mods, repeated settings for that control
can be entered without having lo press FREQUENCY,
SPAN/DIV or REF LEVEL again. Only the primary
controls can be placed in immediate entry mode.

R TR (0 C O e Co— 7 D0
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Press [2] [8] to set the reference level to -28 dBm. The num-
bers you type appear on screen to the right of REFL, if you
make a mistake, press [BKSP] (the backspace key) until the
incorrect number disappears, and then enter the correct value.

After the correct number has been entered, press [Z] for
—dBx. The [Z] key can represent units of Hz or —dBx. Because
you selected an entry mode {immediate reference leval entry)
which requires decibels, and because the factory-default unit is the
dBm, the instrument correctly interprets the currently displayed
entry as ~28 dBm. If the currently selected reference level units
had been dBmV or dBW, the 2711 would have interpreted your
entry as such when you pressed the terminator key.

The RF altenuation is now reduced to 2 dB and the reference level
readout indicates the desired ~28 dBm. This antry method enabled
you to specify a referance level which could not be achieved with
the arrow keys uniess FINE mode Is used. With the direct entry
mode, fractional reference levels to the nearest 0.1 dB are pos-
sible.

The instrument is still in max span mode, which means that the
harmonics of the calibration signal are less than one division apart.
Next you will spread them out by reducing the span/division. As in
the case of the reference level, two direct methods are possible.

Press [4] (to the right of the [SPAN/DIV] key) twice to reduce
the span to 50 MHz/dIvislon. Notlce that the readout now
Indicates 50MHZ/, and the harmonics are two divisions apart.

Suppose, however, that you want to view just a single harmonic
and the 30 MHz band to either side of it. You can do so by setting
the span o 6MHz/division. This value Is not obtainable with the
arrow keys, but you can select it in immediate entry mode.

First press [SPAN/DIV] to place span In ImmedIate antry mode.
Notice that the message SPAN appears at the left center of the
screen.
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The SPAN message indicates you that may enter the span/div
directly from the keypad. This Is done by typing in a permissible
value followed by an appropriate terminator key.

Press [6] to set the span/division to 6 MHz. Any number you
type appears on screen to the right of SPAN.  If you make a
mistake, press [BKSP] ({the backspace key) until the incorrect
number disappears, and then enter the correct value.

After the correct number has been entered, press [X] for MHz.
The [X] key can represent units of MHz, mSEC, or mV. Because
you selected an entry mode which requires a frequency, the
Instrument correctly interprets the currently displayed entry as

6 MHz. If a time or voltage unit had been required, the 2711 would
have interpreted your entry as 6 mSEC or 6 mV, respectively.

The span is now set to 6 MHZ/ and the ninth harmonic of the
calibralion signal is centered on screen at 900MHZ. You may
have noticed that the resolution bandwidth changed to 300KHZ.
This demonstrates the AUTO resolution bandwidth selection mode.
The 2711 reduces its resolution bnadwidth as you reduce the
span/div, so the resolving power of the instrument automatically
increases as you examine the spectrum more closely.

To view the calibration signal fundamental, you must change the
center frequency to 100 MHz. The instrument provides three direct
methods of doing so, each appropriate under different circum-
stances.

Press the [¥] key to the right of [FREQUENCY] twice. Notice
that the center frequency readout now Indlcatas 888.0MHZ.
The frequency arrow keys change the center or start frequency by
10 times the automatically selected tuning increment, but you can
change the tuning rate — see Selecting the Tuning Incrementin
Section 6. You could continue pressing [+ ] until the correct
frequency is reached, but this would require a large number of
presses with the current settings.

This method of changing frequency is very useful for scanning
relatively small bands. To change by larger amounts, use the
immediate entry mode.
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Press [FREQUENCY] to place the center or start frequency In
Immediate entry mode. Notice that the message FREQ
appears at left center of the screen.

The FREQ message indicates that you can enter a center {re-
quency directly from the keypad. This Is done by typing In a
permissible value followed by an appropriate terminator key.

Press [1] [0] [1] to sat the center frequency to 101 MHz. The
numbers you type appear on screen to the right of FREQ. If you
make a mistake, press [BKSP] (the backspaca key) until the
incorrect number disappears, and then enter the correct value.

After the correct number has been entered, press [X] for MHz.
The [X] key can represent units of MHz, mSEC, or mV. Because
you selected an entry mode which requires a frequency, the
instrument correctly interprets the currently displayed entry as

101 MHz. It alime or voltage unit had been required, the 2711
would have interpreted your entry as 101 mSEC or 101 mV.
Alternately, had you wished to set the frequency to 101 kHz, you
would have pressed [Y] for kHz.

This method of changing center or start frequency Is most useful
when large changes are required, or if you know exactly what
frequency is required.

The span Is now set to 6 MHZ/ and the fundamental of the calibra-
tion signal is not quite centered on the screen. You will now center
the calibration signal with the FREQ/MKRS knob.

Rotate the FREQ/MARKERS knob Several clicks counterclock-
wise to reduce the center or start frequency. Each click
reduces the frequency by the currently selected tuning increment
(0.02 times the span/div, or 0.12 MHz in this case). This control
functions as the "fine” frequency adjustment. Rotating the knob
clockwise increases the frequency at the same rate,
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Signal Frequency = Center Frequency
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Figure 3-5. Callbratlon signal fundamental.

Continue turning the knob in either direction until the signal is
centered. Your screen should now resemble Figure 3-5.

The signal frequency is 100 MHz and the signal peak is 0.2
divisions below the reference levsl, so its amplitude Is -30 dBm:

—28 dBm ref lsvel - (0.2 div x 10 dB/div) = -30 dBm

By using only the frequency, span, and referencs level controls
you have Just verified the basic operation of the 2711 Spectrum
Analyzer, and determined the frequency and amplitude of its
calibration signal. With these same controls plus one other,
measurements become easier and more accurate. See Section 5
for more details.




Section 4 — Operation Summary

Replace this page with the tab divider of the same name.



s s



2711 User Manual

SECTION 4
OPERATION SUMMARY

This section provides an overview of the 2711's display, menus,
controls, and connectors. The experienced spectrum analyzer user
will find it & handy guide to most Instrument features,

DISPLAY SCREEN

The display consists of an 8-division high by 10-division wide (256
x 512 point) graphical screen with a 16-row by 32-character text

screen overlay. In spectral display mode both the graphic and text
dala are normally present, although the text screen can be toggled
on and off by pressing the READOUT key. In menu display mode,
only the text screen is normally present, but the sweep display can
be turned on (see The Spectral Display In Menus In section 6).

The entire screen area is available for the sweep display, but
contents of the text screen are placed In predetermined screen
locations. Figure 4-1 shows the lext screen layout used in specirai
display mode. When the optional “Display Title” line is not used,
rows 2 through 11 and rows 13, 14, and 15 move up one position.

Figure 4-2 shows the text screen for menu display mode. The
menu footer area contains prompts, general information, and data
entries including:

« Which key to press to return to the spectral display
* Which key to press to back up one menu lavel

* Which menu key was pressed to enter this menu

+ What dala to enter

* Data that has already been entered

« Which terminalor key 1o press
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LINE # SCREEN CONTENT
1 Display Title {Opticnal)
2 Center Freq/Start Freq RF Atten/Mkr Freg/Counter Freq
3 Reference Level Vid Fltr BW/Marker Amplitude*
4 Horizontal Scale  *“TRK" Indicator Vert Scale*
5 Resolution BW Blank/TV Channel/Video Line
6 "UNCAL" Indicator Single Sweep Messages
7 Error Message
8 User-Defined Program Title
9 Displayed Message

10 UDP Status
11 Keypad entry/WFM to Save
12 Real-time Clock Display

i5 TG Amplitude "CALIBRATOR" Indicator/TG Tracking
16 "WARMUP TIME 15 MIN* Message/GPIB & RS-232 Slatus

Figure 4-1. Layoul of the text screen In speciral display mode.
‘May also conlaln C/N, NOISE NORM'D, BW, & OBW resulls.

LINE # SCREEN CONTENT
1 Menu Title
2
3 Up Te 10
4 ltems (0-9) Displayed
5 Here
6 »
7
8
9
10
11
12
13 Error Message
14 Data Enlry
15 Footer area containing prompls,
16 general information, and data enlries.

Figure 4-2. Layout of the 1exi screen In menu display mode.
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CONNECTORS, CONTROLS, AND MENUS

Most of the front-panel controls are located in function blocks that
are denoted by their borders or background colors. Each block
contains related controls. The cantral gray-colored block contains
the fundamental center (or start) frequency, span, and reference
level controls. For convenience, one function block is dedicated
exclusively o menu display. The control panel and its major
funclional areas are shown in Figures 4-3 to 4-8. Detailed discus-
sions of the controls may be found in section 5.

Trace alignment controls and various input/output conneclors are
located at the rear of the instrument. Figure 4-9 shows the back
pane! and its connectors. The alignment controls are discussed at
the end of section 5 under Miscellaneous Conirols, and the
connactor terminatlons are described in section 7, External Input
and Oulput.

The menus are shown in Tables 4-1 through 4-8.

NOTE

Some menu items are not present, These are either
absent from the instrument itself, orrepresentlower level
menus present in the instrument but intended primarily
for factory calibration and troubleshooting.

A brief description of the function of each listed menu selection is
given. The functions of the menu selactions are discussed in
greater detail in section 6, Software Conirols - The Menus.
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Flgure 4-3. The frequency/marker functlon block.

FREQ/MKRS

In the normal speciral display modes, this knob
changes the center or start frequency by .02 of the
span/div per click (2 MHz per click when In 100 MHz/
div). Programmed or tabular tuning modes change
frequency by a menu-selected, or user-defined,
tuning increment per click; in ZERO SPAN by a
percent of the resolution BW per click (see Selecting
the Tuning Incrementin section 6). In other modes
It may control marker horizontal position, video line
number, or TG tracking.

CTR-MEAS
/TRKG The first press of this key initiates a center measure

(frequency of signal nearest center screen, or nearesl
the marker if active, is measured and made the new
center fraquency). When Option 02 is installed,
signal frequency and amplitude are displayed at the
upper right of the screen. Two quick presses enter
signal track mode (continuousiy repeated center
measures, enabling a drifting signal to be tracked).
When signal track mode Is active, a third press
returns the instrument 1o normal operation.
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PEAK

FIND This key moves the marker to the highest on-screen
signal peak {turns the marker on if It is not active).
Signals must be above the detection threshold (see
Setting the Slgnal Threshold in saction B).

MKR/A

/OFF

The first press turns on a single marker at center
screan; its posilion is controllable with the FREQ/
MKRS knob. A second press fixes the position of the first marker
and turns on a second marker (delta marker mode); its position
conirollable with the FREQ/MKRS knob. Third press turns off both
markers.

MKR MKR

-] [=»

Each key jumps the moveable marker from its current position to
the next on-screen signal peak to the left or right, respectively.
Signals must be above the detection threshold (see Selting the
Slgnal Threshold in saction B).
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s

3R

Figure 4-4. Fundamental controls.

| FREQUENCY |

This key selects the center or start frequency for inmediate entry
mode. FREQ appears on-screen at left center. Enter the desired
frequency from the KEYPAD; terminate with Hz, kHz, MHz, or GHz

W, [X}, Y], or [2].
Range: 0 Hz to 1.8 GHz

SPAN/DIV

This key selects the span per divislon for immediate entry mode.
SPAN appears on-screen at left center. Enter the desired span/
division from the KEYPAD:; terminate with Hz, kHz, MHz, or GHz

W1, [X], [Y), or [2Z].
Range: 10 kHz to 180 MHz

REF LEVEL

This key selects the reference leval for immediate entry mode.
REFL appears on-screen at left center. Enter the desired reference
level from the KEYPAD; terminate with +dBx or —dBx (Y] or [Z]).

Range: +20 to —70 dBm (or equivalent in other units)
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The arrow keys increase [t ] or decrease
[+]the FREQUENCY, SPAN/DIV, and
REF LEVEL by a spacilied amount. They are always active In

speclral display mode, even if the parameter Is not selected for
immediate entry.

FREQUENCY change: equivalent of 50 knob clicks in AUTO
tuning increment mode, and by the designated tuning
increment in other modes.

SPAN/DIV change: in 1-2-5 sequence from 10 kHz to 180 MHz.

REF LEVEL change: 1 dB or 10 dB per step depending on REF
LVL STEP setting.

ZERO MAX

and

These keys provide shortcuts to the zero span and maximum span
setlings. The keys are loggles; one press aclivates the sefting,
and the second returns 1o the span used prior to the first press.

ZERO SPAN: no frequency sweep, horizontal axis calibrated in
time/div, and the display is a time domain representation of
the signal at the indicated center or start frequency.

MAX SPAN: 180 MHz/div (often used to view full Input range of
0-1.8 GHz).

REF LVL
STEP

This key toggles the amount by which the REF
LEVEL arrow keys change the reference lovel
between 1 dB and 10 dB per press. The adjacent
FINE Indicator is illuminated when 1 dB is selected.
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Flgure 4-5. The KEYPAD.

NUMERIC KEYS [0] Through {9]
Numeric keys are used 10 enter numerlical values in Immediate

eniry mode or In response to menu prompts. They are also used to
select the numbered items from menus,

TERMINATOR KEYS [W]), [X], [Y]. [Z)
The terminator keys signify the end of an entry and supply the
appropriate units for the entry. They are context sensitive. If [X] is

pressed, the instrument automatically interprets it as MHz, mSEC,
or mV depending on the parameter being entered.

DOT KEY [.]

The dot key supplies the decimal point in numeric entries and may
be used as a period in label and title entrias.

BACKSPACE KEY [BKSP]

This key erases the last character pressed in data entry modes,
and backs up one menu level when menus are active.
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s DISPLAY STORAGE

" MAX
HOLD SAVE
A&B  ENABLE

D6 .
olo olo olo olg

Figure 4-6. Display reglster control.

REGISTER SELECT AND SAVE KEYS (A, B, C, D)

Pressing the [A], [B], [C], or [D] key when [SAVE ENABLE] is not
armed turns the key's respective register on and off for display.
When the register is displaying data (saved or current), the red
LED to the lower right of the key s [it.

When [SAVE ENABLE] Is armed, pressing the [Al, [B], or [C] key
* slores the current sweep il the register is cleared, or
+ clears the register If it contains saved data,

The saving or clearing action occurs whether the register is
displaying data or not. The green LED to the lower lefi of the key
lights when the register contains saved data,

Pressing the [D] key when [SAVE ENABLE] Is armed toggles the
2711 in and out of waterfall display mode. All registers must first
be clear. Individual sweeps cannot be saved in D.

SAVE
ENABLE This key arms the save (clear) function. Press [SAVE
ENABLE] and then press the key corresponding 1o the
register to be saved (cleared). The LED below the
key lights when [SAVE ENABLE]) is armed.

MAX
HOLD  This key enables max hold mode. When [MAX HOLD])

A&B is enabled, the A and B registers retain the largest
signal observed (unless they contain saved wave-
forms). The LED below the key lights when [MAX
HOLD)] is active.




2711 User Manual
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-

Figure 4-7. Vertlcal scale, demodulalor, TG, end display conftrols.

10/5/1

Press this key repeatedly to cycle through the LOG
(logarithmic) display mode vertical scales in a 10-5-1-
10 dB/div sequence.

LIN

This key toggles the vertical display mode from LOG
(logarithmic) to LIN (linear) and back again. The
scale factor is controlled by the reference level
controls in LIN mode and by [10/5/1] in LOG mode.

PLOT

This key initiates a screen piot on an aptional printer
or platier when Option 03 (GPIB) or Option 08
(RS-232) is installed. The plotter and interface must
be correctly configured (see System Configuration
in saction 6).

READOUT

This key toggles the on-screen readouts on and off.
Use this feature when readouts overlay data, or to
eliminate blanking intervals in the analog display.
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POWER
ﬂﬂ:j This key toggles the power on and off. Green LED next

to key is illuminated when power is on.

INTENSITY

Turn this knob clockwise (increase) or counterclockwise
(decrease) to control CRT brightness.

LEVEL
The Inner LEVEL knob sets trigger level In INT, EXT,
and (AC) LINE trigger modes (as on a conventional
oscilioscope), horizontal position in manual scan mode,
picture framing in optional video monitor mods, and
variable TG level when the optional tracking generator is

installed. The outer LEVEL knob controls volume of the
AM and FM demodulators,

AM VOL Lights when the AM or FM demodulators are active 1o
FM VOL indicate the outer knob of the LEVEL control sels audio
volume. See DEMOD/TG in section 6.

TG OUTPUT

ThisType N, 50 Q connector Is the optional
tracking generalor (TG) output. The LED above
the tunction block lights when the TG is turned on.
See DEMOD/TG in section 6.

Amplitude range: 0 to —48 dBm
Frequency range: synchronous with

2711 but can be offset from approxi-
mately -5 kHz to +60 kHz
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B o) is] [

AUTO  VIDFLTR SINGLE AUTO

Figure 4-8. Resolutlon BW and sweep conlrols, and RF INPUT.

VID FLTR
Normally the 2711 smooths the detected signal with a

videa filter having a bandwidth equal lo the resolution BW.,
The filter bandwidth is indicated in the right-hand readout
column. However, prassing [VID FLTR} toggles an
alternate, automatically selected or user-designated, video
filter on and off. s bandwldth replaces the normal video
filter readout. You can designate the video filter bandwidth
using the UTIL Menu (see Menu-Entered Control

Sattings in section 6).

Automatic selaction: 1/100 of the resolution BW

Fixed range: 3 Hz to 300 kHz and WIDE in a 1-3
sequence

SINGLE

The [SINGLE]) key places the 2711 in a single sweep
mode. SGLSWP MODE appears on screen. With the
sweep in (the default) free run mode, press the [SINGLE)
key again to start a sweep. In other trigger modes, the
sweep begins with tha first trigger signal following entry
into single sweep mode. SGLSWP ARM appears briefly at
the stant of each sweep. Press [AUTO] in the SWEEP
function block fo exit single sweep mode and preserve the
current auto or manual sweep rate selection.

412
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AUTO

The [AUTO] keys in the RES BW and SWEEP function
blocks toggle the instrument into and out of automatic
resolution BW and sweep rate selection modes, respec-
tively. When in automatic mods, the instrument selects the
resolution BW and sweep rate appropriate 10 the currently selected
span. The LEDs below the keys are Iit when automatic mode is
selected. After exiting automatic mode, the resolution BW and
sweep rate remain as they were until manuvally changed. The
SWEEP [AUTO] key also exits single sweep mode (but preserves
sweep rate selections).

l» "‘ The RES BW and SWEEP arrow keys increase
[*] or decrease {#] the resolution BW and
sweep rate (time/div) in a specified sequence.
They are always aclive in spectral display mode, but using either
disables automatic resolution BW or sweep rate seleclion, respec-

tively.
RES BW range: 3 kHz, 30 kHz, 300 kHz, 5 MHz
SWEEP: Follows 1-2-5 sequence from 2 sec/div to
1 usec/div. Rates <100 nsec/div are usable only in
analog display mods.

RF INPUT

adm L2~ The Spectrum Analyzer RF signal input is a
LB @ ’ Type N, 50 Q connector. OBSERVE MAXI-
e ‘ MUM INPUT RATINGS:

AN / Maximum amplitude: < +20 dBm

Maximum DC: 100 Voits
Frequency range: 9 kHz to 1.8 GHz
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Flgure 4-9, The back panel.
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Table 4-1. The Sweep/Ttigger (SWP/TRIG) Menu,

SWP/TRIG  UTIL

MENUS#

MKRFREQ  APPL }

a DSPL  USERDEF  INPUT }
TRIGGER MENU
0 FREE RUN Sweep runs continuously
1 INTERNAL Triggers sweep from input signal
2 EXTERNAL Triggers sweep from signal at external
trigger input
3 LINE Triggers sweep from AC line
4TV LINE Triggers sweep from TV horizontal sync
pulse (see setup table)
5 TV FIELD Triggers sweep from TV vert sync pulse
SWEEP MENU
6 SWEEP RATE Enables keypad entry of sweep rate
7 MANUAL S?AN Toggles manual scan on & off; when
on, LEVEL controls horizontal position
8 SYNC POLARITY! Toggles video sync pulse polarity
between plus and minus
9 SETUP TABLE
HORIZONTAL LINE TRIGGERING! | Determines which sync pulse triggers
sweep when TV LINE trigger selected
0 CONTINUOUS Any sync pulse {line) triggers sweep
1 KNOB SELECTABLE! FREQ/MKRS knob selects line number;
number shown on screen; knob also
selected by [MKR/FREQ] [2]
2 KEYPAD ENTERED LINE Trigger on pulse entered Irom keypad
3 KEYPAD ENTRY Enables keypad entry of trigger pulse
4 TV LINE STANDARD Choose NTSC, PAL, SECAM, or OPEN

' Requires Option 10 (Video Monltor),
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Table 4-2. The Utllity (UTIL) Menu.

SWPTRIG UTIL
DEMOD
na DSPL

:MENUS

MKR/FREQ

APPL §

USERDEF  INPUT §

0 INITIALIZE INSTR SETTINGS

Reinitializes 2711 ; user-defined power-
up settings Implemented; if no user
seflings, factory default settings used

1 STORED SETTINGS

Saves & restores settings from a Jist of

0 LAST POWER-DOWN up to 37 choices; choices 0 & 1 are
1 FACTORY DEFAULT reserved; contents of display registers
POWER-UP are saved along with settings; settings
2 USER-DEFINED POWER UP list consists of 4 screens with 9 or 10
3&UPUSER-DEFINED SETTINGS | choices each
2 KEYPAD ENTERED SETTINGS
0 FREQUENCY Enables keypad entry of center/start freq
1 REFERENCE LEVEL Enables keypad entry of reference level
2 SPAN/DIV Enables keypad entry of span/div
3 RF ATTENUATION Selects FIXED or AUTO RF attenuation
and enables keypad entry of fixed atten
4 RESOLUTION BW Selects FIXED or AUTO RBW and
0 AUTO enables keypad entry of fixed RBW
1 FIXED SCALE
5 VIDEO FILTER Selects FIXED or AUTO video filter BW
0 AUTO and enables keypad entry of fixed video
1 FIXED fiter BW; only method of manually

setting video filter BW

4-16




2711 User Manual

Table 4-2. The Utiiity (UTIL) Menu (Coniinued).

6 VERTICAL SCALE Selects vertical scale factor of 1,5, 0r
0 LOG 1 DB/DWV 10 dB/div, or linear scale
1 LOG 5 DB/DIV
2L0OG 10 DB/DIV
3 LINEAR
7 SWEEP RATE Enables keypad entry of sweaep rale
3 NORMALIZATIONS Enables internal normalization of
0 ALL PARAMETERS 2711 fraquency or amplitude param-
1 FREQUENCY ONLY eters, or both {ALL PARAMETERS);
2 AMPLITUDE ONLY use TRACKING GENERATOR ONLY
3 TRACKING GENERATOR ONLY! 1o normalize TG
4 SYSTEM CONFIGURATION
0 COMMUNICATIONS PORT? Toggles betwasn direct and interrupt
CONFIG - driven V/O; displays status messages
Select to configure GPIB port
0GPIB Toggles GPIB port on and off line
0 STATUS Enable keypad entry of GPIB address
1 GPIB ADDRESS Toggles generation of service request
2 POWER ON SRQ at power-up on and off
3 EOIA.F MODE Selecls hardware (EO) or hardware
and software (LF) message termina-
tion; all TEK instruments support EOI
4 TALK ONLY MODE Use TALK ONLY when sending data
to printer/plotter from 2711 (no
controller)

' Requires Option 04 (Tracking Generator),

2 Option 03 (GPIB) or Oplion 08 (RS-232) are present only If the

respective option Is Installed.
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Table 4-2. The Udlity (UTIL) Menu (Continued).

2 RS-232° Select to conligure RS-232 port
0 STATUS Toggles RS-232 port on and off line
1 BAUD RATE Steps through baud rates from 110 to
9600. Start/stop bits auto-selected
2 DATA BITS Toggles between 7 and 8
3 PARITY Cycles NONE, ODD, or EVEN
4 EOL Choose message terminator; CR, LF,
or CR and LF
5 FLOW CONTROL Handshaking protocol; HARD(ware),
SOFT(ware), or NONE
6 ECHO Toggles echo response on and off
7 VERBOSE Toggles VERBOSE on and off; when on
every command freceives a response
1 SCREEN PLOT? Select to configure communications
CONFIGURATION port for printer/plotter applications
0 COMM PORT Indicates inslalled communications port
1 PLOTTER LANGUAGE Select printer/plotter language; HPGL
for plotters, EPSON FX for printers
2 PLOT SPEED Toggles through a range of plotter
speeds from SLOW to FASTEST
3 PLOTS PER PAGE Toggies between 1 & 4 plots per page
4 PLOT POSITION Select page position for each of 4 plots
2 PRINTER CONFIGURATION Toggles printer output between comm
" port and screen (CRT)
3INSTRUMENT CONFIGURATION
0 AUDIO ALERT Toggles audio lone on for keyclick only,
error only, both, or off
1 MINIMUM SIGNAL SIZE Enables entry of signal amplitude dif-
ference necessary for marker functions
2 WAVEFORM TO PRINTER?® | Toggles output on and o following
each sweep of ASCI!- or blnary-
formaited waveform data to comm port
3 WVFRM OUTPUT FORMAT® | Toggles comm port output between
ASCII & binary

3 Present only 1f Optlon 03 (GPIB) or Option 08 (RS-232) option ls installed.
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Table 4-2, The Ulllity (UTIL) Menu (Conlinued),

5 FREQUENCY CORRECTIONS | Toggles frequency correction on & off
6 SPECTRAL DSPL IN MENUS | Causes the spectral display to overlay
the menus so you can see the display
while using the menus

7 SWEEP HOLDOFF Toggles sweep holdoff between
NORMAL & SHORT HOLDOFF

4 REAL-TIME CLOCK SETUP! Enables keypad entry of clock data

5 STORED SETTINGS PROTECT | Prevents/enables the deletion of control
settings; when protected, stored
setiings cannot be deleted but wave-
forms stored with them can

6,7 Faclory troubleshooling aids

9 INSTALLED OPTIONS DISPLAY |Lists installed options on screen
5 INST DIAGNOSTICS

/ADJUSTMENTS

0,1,3,4,6 Various faclory

troubleshooting aids

2 MANUAL ADJUSTMENTS

2 DISPLAY STORAGE CAL Used with back panel controls to adjust

trace alignment

5 SERVICE NORMALIZATIONS
0 FREQUENCY NORM'ZATIONS | 0-2 are used (wilh external signals or
1 REFERENCE NORM'ZATIONS | equipment in some cases) to calibrate
2 AMPLITUDE NORM'ZATIONS |ihe 2711's internal parameters; item 3
3 TRKNG GEN NORMZATION® | normalizes the tracking generator
4 NORMALIZATION VALUES Displays normalization parameters
5 PRINT ALL NORM VALUES* |Sends normalization parameters to

printer
6 NORM DEBUG TO PRINTER* |Sends messages during normalization
lo printer
7 SERVICE REQUEST* Generates an SRQ for testing purposes
9 MORE
0 PRINT READOUTS Sends on-screen readouts to printer

* Requires Option 03 (GPIB) or 08 (RS-232).
¥ Requires Optlon 04 (Tracking Generator).
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SWPTRIG  UTIL
DEMOD
TQ DSPL

USER DEF

|0 THRESHOLD

Enables keypad entry of signal ampl'd
difference for marker and limit detector
functions

0 CENTER FREQ
1 MARKER FREQ
2 KEYPAD-ENTER
3 KEYPAD ENTRY

1 PROGRMD TUNING INC

ED INC

4 RETURN TO AUTO

Selecting PROGRMD TUNING INC
determines whether knob increment
equals center freq, current marker freq,
or keypad entered freq; 4 returns to
AUTO selection of tuning increment

2 KNOB FUNCTION
0 FREQUENCY
1 MARKER
2 VIDEO LINE!

Toggles knob function from frequency 1o
marker control; if TV LINE trigger Is ac-
live, also enables knob selaciion of line;
iftracking generator (Option 04) s active,
can select knob control

3 MARKER TO REFERENCE LEVEL

Changes referencae level to the current
amplitude of the marker (if active)

4 MOVE MARKER TO NEXT PEAK

Moves marker to next higher or next
lower spectral peak

5 TRANSPOSE MARKERS Interchanges fixed and moveable markers
6 MARKER START/STOP Makes the start and stop frequencies
equal to the current marker positions
7 FREQUENCY START/STOP Enables keypad entry of display start
0 FREQ START ENTRY and stop frequencies
1 FREQ STOP ENTRY
8 TUNING INCREMENT Selacts between AUTO, PROGRMD, &

TABULAR tuning increments

! Requires Optlon 10 (Video Monilor).
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Table 4-3. The MarkerfFrequency (MKR/FREQ) Menu (Continued),

9 SETUP TABLE

0 CENTER/START FREQ

Toggles knob control between start and
center frequency

1 COUNTER RESOLN?
0 COUNTER OFF WHEN
TRKG
11HZ
21 KHZ

Turns off counter readout in signal track
mode and sets counter resolution to 1 Hz
or 1 kHz

2 TABULAR TUNING TABLES
0

9

Selects the tuning increment from a list of
domestic and foreign broadcasi and cable
TV frequency standards

3 FREQ OFFSET

Enables keypad entry of a value by which
displayed center frequency is offset, but
frequency is not actually changed and
counter reads correctly; intended for use
with frequency shifting devices such as
down-converters

4 FREQ OFFSET MODE

Determines whether FREQ OFFSET is
ON PLUS, ON MINUS, or OFF (offset
value must be entered for ON MINUS to

appear)

?Requires Option 02 (Frequency Counter).
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MENUS
SWPARIG  UTIL  MKR/FREQ

DEMOD
e DSPL  USER DEF
0 BANDWIDTH MODE Determines BW of a spectral peak at
points a designated number of dB down
1 CARRIER TO NOISE Measures carrier-to-nolse ratio at points
indicated by markers
2 NOISE NORMALIZED Measures noise in normalized bandwidth
at point indicated by marker
3 SIGNAL SEARCH MENU Enables entry of signal search parameters
0 BEGIN FREQ Frequency at which search begins
1 END FREQ Frequency at which search ends
2 START TEST Initiates automated signal search
3 DISPLAY RESULTS Sends resulis to printer or screen; use
UTIL/4/2 to select which one
4 OCCUPIED BW Determines the bandwidth that contains
a specilied % of the signal energy
7 FM DEVIATION MODE Displays instantaneous FM deviation
vertlcally at 10, 5, or 1 kHz/dlv
9 SETUP TABLE Enables keypad entry of dB down for
0 DB DOWN OF BW MODE bandwidth mode, normalized bandwidth
1 NORM BW FOR C/N for noise & C/N measurements, and the
2 NOISE NORM'D BW energy percentage for occupied BW
3 PERCENT OCCUPIED BW measurements

NOTE

All items except SIGNAL SEARCH MENU are toggles
that switch the indicated mode on and off,
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Table 4-5. The Demodulalorn’racklng Generalor (DEMOD/TG) Menu,

SWP/TRIG  uTIL

HFMENUSE:

MKR/FREQ  AppL g

PEMOD
TG DSPL

USERDEF  inpur |

0 OFF Connects output of AM demodulalor,

1 AM DEMODULATOR FMdemodulalor, both, or neither (OFF)

2 FM DEMODULATOR lointernalspeakerand headphone Jack;
LEVEL knob controls volume

3 BROADCAST (AM) VIDEO* Indicates selected video detecl mode

SATELLITE (FM) VIDEO and urns it on and off

4 TRACKING GENERATOR? Turns the optional TG on and off

5 TG FIXED LEVEL? Enables keypad entry of TG output
level (4810 0 dBm)

6 TG VARIABLE LEVEL? Enables LEVEL control fo vary TG out-
put level about +2 dBp (uncalibrated)

7 TG TRACKING? Enables FREQ/MKRS knobtovary TG

tracking —5 to +60 kHz

8 TG EXT ATTEN/AMPL

Enables keypad entry of a correction
for external amplifier or attenuator at
TG output, and turns it on and off;
follow on-screen prompis

9 VIDEO MONITOR SETUP

0 VIDEO DETECT MODE

Selects BROADCAST (AM) or
SATELLITE (FM) video detection;
does not work with scrambled signals

1 SYNC POLARITY
2 VIDEO POLARITY

Toggles sync pulse and video signal
polarily between posilive and negative

! Requires Option 10 (Video Monitor).

? Requlres Option 04 (Tracking Generator),
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Table 4-6. The Display (DSPL) Menu.

SMENUS

MKRFREQ  APPL

SWPITRIG UTIL
DEHOD
ma DSPL

USERDEF  INPUT |

Toggles between all display registers off

0 DIGITAL/ANALOG
(analog) and (digital)} display regtster con-
figuration prior to selecting analog
1 ENSEMBLE AVERAGING
1 INITIATE AVERAGING Starts averaging process
2 TERMINATE AVERAGING Ends averaging process
3 MAX Finds the average maximum, minimum,
4 MEAN or max/min spectrum values., MEAN
5 MIN finds the average half way between the
6 MAX/MIN max & min points
7 NUMBER OF AVERAGES Averages 110 1024 traces or selects
continuous averaging
8 SAVE RESULTS IN DISPLAY | Toggles among_c]isplay registers A, B,
and C, Indicated register stores average
2B,CMINUS A Subtracts contents of A register from B
or C registers if they are active
3 B,C MINUS A OFFSET TO Offsets result of subtraction to top or
cenler of screen (0 dilference equals
reference level or mid-screen)
4 ACQUISITION MODE Toggles betwaen peak & max/min
spectral display
5 TITLE MODE Enables entry of on-screen title &
information; turns title and informaltion
display on & off
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Table 4-6. The Display (DSPL) Menu {Continued).

6 GRATICULE ILLUMINATION

Turns graticule light on and off

7 DISPLAY 8 DISPLAY LINE Toggles between INT and EXT signal
source, and indicates mode (AM or
FM) when INT Is selected
8 DISPLAY LINE Controls display line and limit detector
1 ON/OFF Toggles display line {(horizontal line at

specified amplilude) on and off

2 VALUE ENTRY

Enables keypad enlry of display line
amplitude

3 DISPLAY LINE TO MARKER

Sets display line amplitude to current
marker amplitude

4 LIMIT DETECTOR Sounds audible alarm (limit detector) if
a) signal is above line b) signal is below
line or c) signal is below line but above
threshold. Set using [MKR/FREQ][0]

9 MIN HOLD IN WFM nn Accumulates minimum value of

spectrum and enables selection of
register in which to store result
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Table 4-7. User Deflnable (USER DEF) Menu.

ISWPRIG  UTIL

MKR/FREQ  APPL

| DEMOD g
. TG DSPL INPUT
3
0 program 0 User-defined programs (UDPs) of key-
: stroke sequences; recall and execute by
B program 8 pressing [USER DEF)/ [program #]
9 USER DEF PROG UTILITIES Firmware ufilities used to create UDPs
0 ACQUIRE/EXIT KEY STROKES | Used to begin acquiring keystrokes or to
exit acquire mode without storing UDP
1 TITLE EDIT Used to create/modily name of UDP
2 WAIT FOR END OF SWEEP Used as keystroke in UDP to delay UDP
unti! sweep finishes; displays "WAIT
FOR END OF SWEEP"; needed by
functions ulilizing end-of-sweep process-
ing (count, cent meas, etc.)
3 DISPLAY MESSAGE Used to create/delete messages for on-

screen display during UDP exacution

4 PAUSE FOR "USER DEF" KEY

Used as a keystroke in UDPs to gener-
ate "PRESS USER DEF KEY TO CON-
TINUE" message and halt program
execution until [USER DEF] is pressed

5 CONTINUOUS EXECUTION When selected, causes subsequently
chosen UDP to repeat continuously

6 STORE Stores the UDP currently being edited in
location 0-8; location must be empty
before UDP can be stored; if UDP Is
named, name appears next to number

7 DELETE Deletes UDPs by number

8 PROTECT Prolecls slored UDPs by number from

deletion; # indicales protected UDP
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Table 4-8. The Input (INPUT) Menu.

§ SWPITRIG

IMENUS

MKRIFREQ  APPL

UTiL
/
i DEMOD
§ ma DSPL

USER DEF

1 PREAMP

Toggles built-in preamp on and off

2 50 OHM DBM/75 OHM DBMV

Computes conversion factors for
switching between 50 W source/dBm
units and 75 W source/dBmV units;
scales display

3 REF LEVEL UNIT
0 DBM
1 DBMV
2 DBV
3 DBUV
4 DBUW
5 DBUV/M IN WFM X

9 DBUV/M SETUP

Selacts indicated reference unit:

milliwatt reference

millivolt reference

volt reference

microvolt reference

microwatt reference

microvolt per meter reference; use

[DSPL] to select display register

Erables entry of antenna factors and
test distances

41ST MXR INPUT LVL

Enables keypad entry of first mixer
input amplitude that deflects display tqg
the reference level

1 ATTEN/AMPL ENTRY

5 RF ATTENUATION Enabies keypad entry or AUTO
selection of RF attenuation
6 EXTERNAL ATTEN/AMPL Signifies whether external attenuation
0 ON/OFF or amplification is present and

enables keypad entry of amount

9 CAL SIGNAL @100MHZ -J0DBM

Toggles built-in calibrator on and off
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SECTIONS
DEDICATED CONTROLS

This chapter describas in detail the hard-wired or dedicated
controls of the 2711. All of the controls are on the front panel
excopt lor the trace alignment controls, which are on the back.

You will learn to use the controls to effectively measure signal
spectra. We look first at the controls most fundamental to spectrum
analysis,

NOTE

During this section, perform the operations that are high-
lighted with bold text.

FUNDAMENTAL OPERATIONS

Earlier you measured the amplitude and frequency of a continuous
narrow-band signal (the calibration signal) using only three controls,
In this section you will repeat the initial measurement, but this time
you will examine more closely the FREQUENCY, SPAN/DIV, REF
LEVEL and associated controls contained In the gray-colored
central function block'. These contrals are most fundamental to
speclrum analyzer operation. You can even perform the majority of
spectral measurements with only these conlrols if you choose.

To begin, set the Specirum Analyzer controls to the values shown
in the settings box at the top of the next page. Press [UTIL] [1] [1]
to restore the factory delaults and then [INPUT] [9] to turn on
the callbratlon signal.

! You can also use the Ulllity Menu to reset the frequency, span, and reference
level {see Menu-Entered Control Settings under the UTIL dlscusslon in section 6).
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800.0MHZ (AUTO SWEEP) ATTN 50DB
20.00BM VF WIDE
180MHZ/ MAX 10 DB/

5MHZ RBW (AUTO)  CALIBRATOR

Press [FREQUENCY] [4] [0] [0] [X] to set the analyzer center
frequency to 400 MHz. Remember that in MAX SPAN the marker
changes position and not the frequency at the screen center.
Press the REF LEVEL [+ ] key three times to reduce the
reference level o ~10.0 dBm.

SPAN/DIV 3 %

The SPAN/DIV keys
are used to change the frequency span representad by one :
horizontal division on the screen. The arrow keys directly increase
or decrease the span per division, and [SPAN/DIV] enables you to
enter the span per division directly from the keypad {(immediate
enilry mode).

Beglnning with maximum span, press:

+]

to the right of [SPAN/DIV] several times to decrease the span/
dlv to 20 MHz.* Note how the Instrument “zooms in” on the
spectral display. Now press:

(]

until the span/div Increases to 180 MHz. Watch the spectral
display “zoom out” just as though it was moving away from you,

These keys perform inverse functions. The upward-pointing arrow
increases the span/div, compressing or squeezing the spectrum
together. The downward-pointing arrow decreases the span/div
and expands or siretches the spectrum. The arrow keys are active
whenever the spactral display mode is active.

21 you request a narrow span before the 2711 Is completely warmed up, you may
get a NORMALIZATION SUGGESTED message. This message should nol appear
after the analyzer warms up.
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Experiment by pressing each arrow key untll the span/div no longer
changes. You will notice two characteristics of the 271 1;

* Span/div changes in a 1-2-5 sequence batwesen 10 kHz
and 100 MHz, plus 180 MHz/Adiv in maximum span.

* Resolution bandwidth changes automatically as the span
changes (later you will learn how this can be changed).

The preset span/div values are sufticient for most of your measure-
ment needs. However, other spans/div can also be specified to
the nearest tenth of a unit.

Press [SPAN/DIV) to place span in Immediate enlry mode so an
arbitrary value may be entered. Notice that the message
SPAN appears al left center of the screen.

The SPAN indlcator indicates that you can enter the span/div
directly from the keypad. Thisis done by keying in a permissible
value followed by an appropriate terminator key. Any value from

decimal points, In the speclral display, the value is shown rounded
1o one decimal point {to see the stored value, press (UTiL] [2)).

For Instance, 1o set the span/division to 33.3 MHz, press:
13 [3] [1[3] [X)

The numbers you lype appear on screen 1o the right of SPAN. If
you make a mistake, it may be corrected any time belore [MHz) s
pressed. To correct mistakes, repealedly press [BKSP] (the
backspace key) until the incorrect number disappears, then type
the correct valus,

A terminator key (W], [X], Y], [Z]) determines the units and enters
the data. The [X] key can represent units of MHz, mSEC, or mV.
Because the immediate span/div entry mode requires a frequency,
the instrument correctly interprets the currently displayed value as
33.3 MHz when you press [X]. If atime or voltage unit had been
required, the 2711 would have interpreted your entry as 33.3 mSEC
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or 33.3 mV, respectively, when you pressed [X]. Had you
wanted the entry to represent a span/div of 33.3 kHz, you would
have pressed [Y] instead of [X].

Press [#]. The span/div changes to 20 MHz; the nearest span/
div value in the downward direction in the normal 1-2-§ sequence.
Had you pressed [t ], the span/div would have changed to 50 MHz;
the nearest value in the upward direction. The span readout now
indicates 20MH2/ and the 4th harmonic of the caiibration signal is
at the center frequency of 400MHZ.

MAX
:l There is often a need, such as when connecting new

signals to the RF input, to view the entire input frequency

range of the instrument. In this mode, the instrument is in
MAX SPAN. A dedicated front panel-key is provided to conve-
niently enter and exit this mode,

Press [MAX] to obtaln the largest span avallable on the 2711.
The span/div readout now Indicates 180 MHz/ MAX. Press
[MAX] a second time 1o return to 20 MHz/.

Many of the keys are toggle-action. The ability to undo an action
by pushing the same button that carried out the action is typical.
[MAX] is a toggle-action key taking you from the current span/div to
180 MHz/div and back again.

I% Set the center frequency to 100 MHz ([FREQ] [1] [0] [0)

[X]) and notice that the cailbration signal Is centered In
the display.

Preas [ZERO]. The signal s a straight, horizontal line. In zero
span mode the analyzer remains at a fixed frequency. What you
see Is the variation in time of the signal power coming through the
resolution bandwidth filter at that frequency. Since the calibration
signal has constant amplitude, the display is constant. Siowly
Increase the center frequency by turning the FREQ/MKRS
knob. 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.
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In the zero Span mode, the instrument does not sweep the
frequency spectrum. Rather, the local oscillator remains at a fixed

rather than frequency per division). The word ZSPAN follows the
Sweep speed ta denote zero Span operation. Ina sense, your
spectrum analyzer Is now operating like an oscilloscopa. [ZERQ)
is another toggle-action key. Press the [ZERO] key again to
Feturn to 20 MHz/dly span.

FREQ/MKRS

FREQUENCY $ ) 2

Press [SPAN/DIV] [1) [0] [0] [X] to change
the span to 100 MHZ. Turn the FREQY
MKRS knob a few clicks clockwise. In this
Span/div selling, each click of the knob
Increases the center frequency by 2.0 MHz
Turn the knob counter-clockwise and the center frequency

constant rate tuning. It occurs because the knob normally changes
the center frequency at 0.02 of the span/div per click.? Obviously, it
would take a great many clicks to change the frequency by 100
MHz at 20 MHz/diy (250, 1o be exact).

The knob remains active whenever spectral display mode is
implemented.

Press [t ] to the right of [FREQUENCY]. The frequency
changes by 20 MHz. | would take only five presses of the arrow
key to change the frequency by 100 MHz — a big improvement.
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Normally ¢ the frequency arrow keys change the frequency by 50
times the knab click; an amount equal to the span/div selting.

Change the span/div to 100 MHz (ISPAN/DIV] [1] {0] [0] [X]).
Now press [4] adjacent to [FREQUENCY]. The frequency
changes by 100 MHz x {50 x (.02 x 100 MHz)}. At large spans/div
the arrow keys can change the frequency very rapidly.

The arrow keys perform inverse functions. The upward-pointing
arrow Increases the center or start {requency, whereas the
downward-pointing arrow lowers it. The keys remain active
whenever the 2711 is in spectral display mode.

For very large frequency changes or to preset a known center or
start frequency, direct entry mode is faster. To set the center or
slart frequency to a predetermined value, press
[FREQUENCY] to place the center or start frequency In
immediate entry mode. Notice that the message FREQ has
appeared at left center of the screen.

The FREQ message indicates that you can enter the center
frequency directly from the keypad (immediate entry mode). This
is done by keying In a permissible value folfowed by an appropriate
terminator key. You can enter any value from 0 Hz 1o 1.8 GHz,
but the instrument's low-frequency specification is 9 kHz. Your
entry may contain up to 25 characters, but regardless of how many
you enter, the 2711 attempts to control fraquency fo the nearest
Herlz and reads out the frequency at the top of the left-hand data
column to 1% of the span/div.

For instance, to set the center frequency to 1.25 MHz press:

1112 (51 (X]

The numbers you type appear on screen to the right of FREQ. If
you make a mistake, correct it any time prior to pressing [MHz] by
repeatedly pressing [BKSP] (the backspace key) until the incorrect
number disappears, and then type 1he correct value.

A terminator key ([W], [X], [Y], [Z]) determines the units and enters
the data. The [X] key can represant units of MHz, mSEC, or mV.

“In AUTO luning increment mode. In other modes, the arrow keys change the
frequency by the designated tuning Increment. See Selecting the Tuning Increment
In seclion 6.
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Because the immediate frequency entry mode requires a fre-
quency, the instrument interprets the currently displayed value as
1.25 MHz when you press {X). If a time or voltage unit had been
required, the entry would have been interpreted as 1.25 mSEGC or
1.25 mV, respectively, when you pressed [XJ*. Had you wanted
the entry to represent a frequency of 1.25 GHz, you would have
pressed [W] instead of [X].

Now use the direct entry method to set the center frequency tlo
100 MHz ([FREQUENCY] [1] [0] [0] [X)).

Next you will review
reference level adjust-
menl.

REF LEVEL $ &

Notice the helght of the signal peak and then press [ ] to the
right of [REF LEVEL].

The signal peak appears to increase 10 dB when you press the
key, but this s a bit deceptive. Actually, 2the calibration signal
11is e aoe 2 ) ndance (ne glefarce |19ve
nstead, the relerence level decreases (changes in the direction
Indicated by the arrow key) to ~20 dBm and the RF attenuation
changes 1o 10 dB. The signal only appears larger because the
reference level has been lowered 10 dB and now represents a
signal level of ~20 dBm, 10 dB (one division) greater than the
calibration signal.

Reduce the on-screen signal helght one division by pressing
[t ] adjacent to [REF LEVEL].

The reference level readout increases® 10 dB 1o —10 dBm (again
changes in the direction Indicated by the arrow) and RF altenuation
changes to 20 dB. The signal peak drops one divislon, but its
amplitude is still -30.0 dBm.

* However, nellher Is a permissible value, and your enlry would have been
rounded to the nearest allowable value.

® Remember that you ofien deal with negallve numbers when selling the reference
level; ~10 dBm s Jarger than —20 dBm.
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The arrow keys perform inverse functions. The upward-pointing
arrow increases the reference level whereas the downward-
pointing arrow lowers it. The keys remain aciive whenever the
2711 Is in spectral display mode.

NOTE

The direction of the arrows always represents the direction
of change of the instrument setting (up arrow increases the
reference level), This resulls in an inverse relationship with
the displayed signal height (up arrow lowers displayed signal
height).

As with frequency and span/div, you can directly enter the refer-
ance level from the KEYPAD. This feature is especially handy
when you have a good estimate ahead of time of what the signal
amplitude is, or when you are simply Interested in how much below
a given amplitude a particular signal Is. For Instance, you might
want lo preset the reference level to -33.9 dBm (+13 dBmV —
later you will learn to change reference level units) 1o examine
cable TV signals at a customer drop.

Press [REF LEVEL]. This places the reference level in Imme-
dlate entry mode to set the reference level io a predetermined
value. Notice that the message REFL has appeared at left
center of the screen. The REFL maessage indicates that you can
enter the reference level direcily from the KEYPAD. This is done
by entering a permissible value followed by an appropriate
terminator key. You can enter any value from =70 to +20 dBm (or
the equivalent In other units). You can enter up to 25 characters,
but regardless of how many you enter, the instrument rounds and
displays the reference level to a tenth of a dB.

Set the reference level to —27.5 dBm by pressing:

[21 (731151 Z]

The numbers you type appear on screen to the right of REFL. If
you make a mistake, It may be corrected any time before [Z] is
pressed. To make a correction repeatedly press [BKSP] until the
incorrect number disappears, then type the correct value.

s s Be m e i Cpuant Em b ey et ma f e b m o =,
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Pressing a terminator key (only [Y] or [Z] in this case) determines
the unils. The [Z] key can represent unils of Hz or ~dBx. Because
the immediate reference level entry mode requires decibels, and
because the reference level unil is the dBm, the instrument
correctly interprets the currently displayed value as -27.5 dBm
when you press [Z]. If the currently selected reference level unils
had been dBmV or dBW, the 2711 would have Interpreted your
entry as such when you pressed {Z]. If a frequency unit had been
required, the entry would have interpreted as 27.5 Hz when you
pressed [Z]. Had you wanted to enter a positive reference level,
you would have pressed [Y] for +dBx. The [W] or [X] terminator
keys are ignored in this mode because they do not represent
acceptable reference level units.

REF LVL
STEP

The calibration signal peak is now less than one division
below the reference level. Next you will move it even
closer to the top of the screen.

Press [REF LVL STEP),

Nothing happened on screen, but the red LED next to the key lit.
The LED Is telling you that the rate at which the reference level
arrow keys change the on-screen signal height and reference leve
is now 1 dB per press rather than 10 dB. Press [4 ] three times.
The signal peak rises until it is just above the reference level and
the readout indicates ~30.5 dBm. You cannot get the signal peak
closer o the reference level without entering a new reference level
in the immediate mode.

Press [t ] ten times and walch the signal peak drop to almost
one dlvision below the referencs level. The reference level
readout should Indicate —20.5 dBm.

[REF LVL STEP] is another loggle-action key. Press [REF LVL
STEP] again. The LED turns off indicating the relerence level is
back in 10 dB per press mode. Press the reference level [#] key
and confirm that the reference lavel returns to -30.5 dBm.

Reset the reference level 10 10 dBm ({REF LEVEL] [1] [0] [Z]).

5-9
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ENHANCED VERSATILITY

In the preceding subsection you learned about the fundamental
controls. This subsection describes how the remaining controls
enhance your ability to make accurate spectral measurements
easily and conveniently.

+ Conltrol the resolution bandwidth, vertical scale factor, and
sweep speed.

* Use display storage and marker control to quickly measure
signal amplitude and frequency with maximum accuracy.

* Make direct spectral comparlsons and, with non-volatile
RAM (NVRAM), save important results for future reference.

20.0MHZ/ 10 DB/

[ 100.0MHzZ (AUTO SWEEP)  ATTN 20DB |
~10.00BM’ VF WIDE
SMHZ RBW (AUTO)  CALIBRATOR

Thus far, we have ignored the RES BW
function block. It has been left in AUTO mode
that enables you to make measurements
without worrying about where the resolution
bandwidth Is set, but there are circumstances
in which you will want 1o control the resolution
BW yourself. For instance, if you observe the time domain
represantation of a TV video signal using zero span, you will want
lo use the 5 MHz (maximum bandwidth) filter to ensure enough
bandwidth for the video signal. In other cases, you may wish to
salect a very narrow resolution bandwidth in order to resolve signal
sidebands or Intermodutation distortion products. The RES BW
arrow keys enable you to select resolution bandwidths of 3 kHz,

30 kHz, 300 kHz, and 5 MHz,

How much frequency separation is required before signals appear
as separate peaks on the display? The specilic answer depends
on several factors including the filters, bandwidths, signal levels,
and other factors, but two basic rules apply.

5-10
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* I the signal amplitudes differ by less than 3 dB, they are
resolved when their frequency separation equals the
rasolution bandwidth.

* For signals more widely separated In amplilude and
frequency, let A be the amplitude difference in dB. Then:

F=(1 +2—Aé-) X resolution BW

where F is the required frequency separation. This rule is
based on the fact that the 271 1's 60 dB filter bandwidihs
tend to be about 7 times the 6 dB bandwidth and assumes
the filter roll-off is approximately linear in dB. Using this
condition, if the signals differ in amplitude by 30 dB, A, then
they require a frequency separation of about 2.4 X resolu-
tion BW,

Sel the span to 2.0 MHz/ (ISPAN/DIV] [2] [X]). The resolution
bandwidth readout Indicates 300 kHz. Observe what happens if
you change the resolution bandwidth,

In the RES BW function block, press [t .

The LED below the RES BW [AUTO] key turned off indicating that
the resolution bandwidth is no longer being automatically selected,
and the resolution bandwidth readout indicales 5 MHz. In addition,
the calibration signal now appears to be 5 MHz wide. Theoretically,
the calibration signal should be infinitely narrow — a spike at 100
MHz. To understand what has happened, you must recall the
process going on within the analyzer, It is sweeping a narrow-band
signal (the calibration signal} past a broadband filter (the 5 MHz
resolution filter). As the signal is moved past the filter, it maps the
shape of the resolution filter. Whal you see is the spectral shape of
the filter rather than that of the calibration signal. The lesson |s
that, on unmodulated signals, a resclution bandwidth filter that is
loo wide can artilicially broaden the displayed spectrum (although
the signal peak remains accurats).
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You may have also noticed the noise floor increase of approxi-
mately 12 dB as you switched from 300 kHz to 5 MHz resolution
bandwidth. The noise coming through a filter is proportional to the
filer bandwidth. For white noise at the Spectrum Analyzer input,
the difference in noise power coming through two resolution BW
fiters with bandwidths RBW, and RBW, is:

RBW,

Nolse Difference (dB) = 10 Log (m)

In this case;

10 Log (S MHz y_ 140 4p
300 kHz

more noise passes through a 5 MHz filter than through a 300 kHz
filter. ‘

Reduce the resolution BW by repeatedly pressing [+ ] in the
RES BW function block untll the on-screen readout indlcates
3 kHz. You hear a high level beep and see the message UNCAL
(if you do not hear a beap, check that the audio alert is set to
ERROR ONLY or BOTH — see The Audlo Alert in section 6).
The instrument is now sweeping the calibration signat past the
resolution filter too quickly for the filter output to rise to its steady-
state value before the signal is no longer present at the filter input.
This can result in low amplitude and skewed frequency readings.
Resolution bandwidths that are too narrow can result in incorrect
amplitude and skewed frequency measurements. Ultimate
measurement accuracy is at risk when the UNCAL message is
present.
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RES BW

Pressing the [AUTO] key In the RES BW function block

AUTO toggles between operalor and automatic selection of the

resolution bandwidth. When the resolution bandwidth is
being selected by the 2711, the LED below the [AUTO)
key is lit.

Press [AUTOQ] to place the resolullon BW In automatic mode.
The red LED will be illuminated. You can disable AUTO mode by
pressing a RES BW arrow key or by pressing [AUTO).

Set the span/div to 50 MHz ([SPAN/DIV] [5] [0} [X]). Note the
Indicaled resolution bandwldth and, In the RES BW function
block, press [#]. The LED has gone out and the resolution
bandwidlth is 300 kHz.

Press [AUTO]. The LED comes back on and the resolution
bandwidth has switched back to 5 MHz.

Press [AUTO] again. The LED goes out but the resolution
bandwidth Is stilt 5 MHz. Toggling out of AUTO mode with the
[AUTO] key maintains the automatlically selected resofution
bandwidth until you change It with a RES BW anow key.

700.0MHZ (AUTOSWEEP)  ATTN 20DB
~10.0DBM VF WIDE
50.0MHZ/ 10 DB/
5MHZ RBW (AUTO)

CALIBRATOR

RES BW
VID FLTR A video filter Is a post-detection filter (sometimes

referred to as a noise-averaging filter used to reduce
noise In the displayed spactrum to its average value,
making low-level signals more easlly detectable.
Normally, the 2711 uses a video filler about as wide as
the resolution bandwidth. This limits post-detection
noise, but does not signilicantly aiter the displayed amplitude of
narrow-band signals. However, when measuring very wide-band or
pulse-like signals, you may wish to use a wider filter than that

automalically selected by the 2711, See Menu-Entered Control
Settings in section 6.
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The video filter width is indicated in the on-screen readouts by

VF (bandwidth)

where (bandwidth) Is equal to the bandwidth of the video filter
belng used except in the case of the 5 MHz filter. Then

VF WIDE

is substituted. In this case, the filler consists of the natural lowpass
characteristics of the circuitry following the detector. When you
press the [VID FLTR] key, the 2711 automatically selscts a
narrower video fiter bandwidth that is approximately 1/100 of the
resolutfon bandwidth (later you will learn how to specify a particular
filter bandwidth via the UTIL Menu). The narrow video filter
dramatically reduces the noise and enhances the visibility of
narrow-band signals. Care must be taken, though, because it will
also reduce the indicated amplitudes of wide band signals such as
video modulatlon and short duration pulses. '

To see the video fliter work, ensure that the 2711 Is set as In
the preceding settings box. Signal peaks at 700, 800, and 900
MHz are probably not visible.

Now press [VID FLTR]. The red LED below the key comaes on
indicating that a narrow video filter is being used, and the band-
width of the filter is indicated on screen,

Notice how much the nolse has been reduced In the tower
portion of the spectral display. By filtering the noise, it is
sometimes possible to reveal low-level signals that were in the
noise. This Is the primary reason for using a video filter. Now you
can see signal peaks at 700, 800, and 900 MHz (the seventh,
eighth, and ninth harmonics of the calibration signal). There are
small ditferences from instrument to instrument, but you should be
able to spol these peaks above the nolse.

Video filtering works well for continuous wave and other narrow-
band signals. However, when examining pulsed or wide-band
signals such as televislon vidao (especially the sync pulses), a
video filter may prevent you from accurately sesing signal charac-
leristics in much the same way that using a too-narrow resolution
bandwidth does.
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Although it may not have been apparent, the sweep speed also
decreassd in order to accommodate the longer time constant of the
video filter. Just as with the resolution bandwidth fitter, a signal
needs more time to reach its peak amplitude when propagating
through a narrow video filter.

Turn the video filter off by pressing [VID FLTR] agalin.

100.0MHZ (AUTO SWEEP) ATTN 6DB
—25.0DBM VF WIDE
20.0MHZ/ 10 DB/
5MHZ RBW (AUTO)  CALIBRATOR

VERT SCALE

10/5/1 The VERT SCALE function block contains a three-way
toggle key labeled [10/5/1). This label expresses the
[:] three logarithmic vertical scale factors available on the
2711: 10, 5 and 1 decibels per major vertical division.
Press this key to advance the vertical scale factor
through the three values In a 10 dB-5 dB-1 dB-10 dB sequence,

Press [10/5/1]. Two things happen. Firet, the signal peak is now
one division down from the reference level. Second, the vertical
scale factor on-screen readout now indicates 5DB/. The noise also
seams to have disappeared. The signaito noise diference is the
same, but the scale factor change has moved the noise below the
bottom of the screen.

Agaln press [10/5/1]. The signal peak is five divisions below the
top graticule and the readout indicates 1DB/. The primary use for
this feature is to more accuralely read displayed signal peaks.
Press the [10/5/1] key once agaln to restore the 10DB/ setting.
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\LIIIEHT SCALE The second key in the VERT SCALE function

block Is also toggle-action. It converts the
vertical scale from logarithmic to linear and
back again.

With the callbration signal centered and the relerence level
set to -25 dBm (REF LEVEL] [2] [5] [Z]), press [LIN]. The
vertical scale readout now Indicates 1.57MV/. When LIN mode Is
Initially selected, the 2711 converts the vertical scale such that the
bottom graticule line is zero volts and the reference level is
converted from dB's to voltage. The display is similar to what
appears on an oscilloscope. Thereafter, the REF LEVEL arrow
keys change the scale factor in a 1-2-5 sequence. Consequently,
the refarence level changes by either 6 or 8 dB when changing
scale factors. i the 1 dB referencae level step size is selected while
in LIN mode, the arrow keys change the scale factor at a rate of
about 0.02 division per step and the corresponding reference level
changes about 0.2 dB.

Experiment with the scale factor If you wish, then press [LIN]
to return to logarithmic mode. When switching back to
logarithmic from linear, the last selected log scale is implemented.

100.0MHZ " (AUTOSWEEP) _ ATTN 0DB
~70.0DBM VF 3KHZ
50.0KHZ/ 10 DB/
3KHZ RBW (AUTO)

SWEEP

The SWEEP function block controis the

5-16

sweep fate and single sweep feature
(other trigger modes are discussed in
saction 6 under SWP/TRIG). The rate at which the CRT beam
sweeps across the screen is known as the sweep rate. it is also
the rate at which the displayed spectrum is swept.

Normally, sweep rate is automatically selected by the 2711.
However, in some cases, such as when viewing the time domain
representation of a signal in zero span, you may want to vary the
swaep rate for a betler view of the signal.
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Ensure the callbrator Is turned off (UTIL] {9]) and press [ZERO
SPAN] to enter zero span mode.

The currently selected sweep rate is displayed on screen as the
horizontal scale factor in zero span mode and has units of time/
division (in spectral mode. The sweep rate is viewed by pressing
[SWP/TRIG]). The sweep rate readout indicates 100MS/ZSPAN
(100 msec/div in zero span). Now press [#]. The LED below
(AUTO] In the SWEEP function block turns off indicating the sweep
rate is no longer being selacted automalically.

Continue to press [+ ] until the sweep rate readout changes to
1MS/ZSPAN. The SWEEP down arrow key decreases the sweep
rate in a 1-2-5 sequence. Faster sweep rates are possible (1psec/
div) with display storage disabled.

Now press [ ] several times. The noise is compressed to a
grass-like appearance and the indicated sweep rate increases.
The SWEEP up arrow key increases the sweep rate in a 1-2-5
sequence.

The 4 and t keys perform reciprocal actions; they increase or
decrease the time required to sweep one division. Pressing either
key removes the 2711 from automatic sweep rate selection mode,
and the + or 4 keys therealter function like the sweep rate selector
on a conventional oscilloscope.

NOTE

Because sweep rate is the inverse of sweep speed, de-
creasing sweep rate increases sweep speed.

Use the arrow keys to reset the sweep rate to 100 msec/dIv.
Press [SPAN/DIV] [S] [0] [Y] to set the span/div to 50 kHz, [REF
LEVEL] [1] [0] 2] to set the reference level to —10 dBm, and
[UTIL] [9] to turn on the callbrator.

Reduce the time/div by repeatedly pressing [4 ].

Again you hear a beep and the message UNCAL appears.
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Continue to Increase the sweep spead and notice the signal
peak decrease and shilt to the right.

This condition is achieved by sweeping too fast for a given
resolution bandwidth and demonstrates how measurement errors
can occur. You are sweepling the resolution filter so fast that its
output does not have time to reach steady-stale. Press [ZERO
SPAN]). The UNCAL message disappears bacause In zero span
mode the fllter Is not belng swept at all.

Press the arrow keys to sat the sweep speed to 1 msec/dlv.

two purposes. First, it is used in much the same way
as the [AUTO] key in the RES BW function block, as a
toggle-action key that switches betweaen automatic and
manual selection of sweep rate. When AUTO sweep rate seleclion
is active, the sweep rate selected by the 2711 depends on the
span/div, resolution bandwidth, and video filter in use. Second,
pressing the SWEEP [AUTO] key when in single sweep mode exits
from that mode.

E The [AUTO] key in the SWEEP function block serves

Continuing with the example above, press [ZERO] to exit zero
span mode. Notice how distorted the callbration signal Is and
then press [AUTO] in the SWEEP function block.

The LED below the key lights indicating sweep rate |s being
automatically selected by the instrument. The sweep rate is now
100 msec/division, the UNCAL message has disappeared, and the
calibration signal is correctly displayed as ~30 dBm at 100 MHz.

Again press [AUTO] In the SWEEP function block.

The LED goes out, but the display doesn't change. Toggling out of
AUTO mode maintains the automatically selected rate untit you
change it with the + or 4 keys,

Press [AUTO] to activate AUTO sweep mode.
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100.0MHZ (AUTO SWEEP)  ATTN 20DB

-10.0DBM VF 300KHZ
1.0MHZ/ 10 DB/

300KHZ RBW (AUTO)

SWEEP

The 2711 s equipped with a single sweep feature. When
activated by pressing [SINGLE]), the instrument makes
only one sweep. Other controls (except [AUTO} in the
SWEEP function block) operate normally, and signals at
the RF input are treated just as they otherwise would be.
Pressing [AUTO] In the SWEEP function block exits from single
sweap mode,

When a sweep begins in single sweep mode depends on how the
instrument s triggered. The factory default mode Is frese run; this
should be the current mode of operation.

Press [4 ] two times 1o set the resolution bandwldth to 3 kHz.
The sweep now takes two seconds. At mid-sweep, press
[SINGLE].

The current sweep is aborted and this message appears on-screen
under the right readout column:

SGLSWP MODE

The message means the sweep clrcuit is in single sweep mode and
halted. Press [SINGLE] agaln. This prepares the sweep to bagin
as soon as it receives the next trigger signal (which occurs auto-
matically in free run mode). A message reading:

SGLSWP ARM

momentarily appears and a single sweep is carried out. You'll see
the sweep progress across the screen as a new spectral display Is
created. When the sweep is completed, the SGLSWP MODE
message reappears indicating the sweep is completed and is ready
{o be re-armed.

i the instrument is not in free run trigger mode (see SWP/TRIG in
section 6 1o change modas), behavior is much the same.
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Pressing [SINGLE] causes the current sweep to abort and the
SGLSWP MODE message to appear. If you press the key again,
the SGLSWP ARM message appears. This time, however, the
Instrument waits for the first designated trigger signal; when
delected, a single sweep begins. After the sweep Is complete the
SGLSWP MODE message reappaars.

You can starl a new single sweep in any trigger mode as often as
you wish by pressing [SINGLE] after the SGLSWP MODE maes-
sage appears. However, if you press [SINGLE] too soon, you may
exit Irom single sweep mode.

To exlit from single sweep mode, press [AUTO] in the SWEEP
function block, or change the sweap rate.

Single sweep mode is useful when you want to prevent a succeed-
ing sweep from overwriting a trace you just acquired, or to capture
the characteristics of intermittent signals.

LEVEL

5-20

There is a dual-function LEVEL control below the

FREQ/MKRS knob. The inner knob controls the

triggering level when the 2711 is in internal, external,

or line trigger modes. In the other trigger modes it has

no effect. The inner knob is also used to control the
TG variable amplitude setting when Option 04 (Tracking Genera-
tor) s installed.

The outer knob controls the volume of the AM and FM
demodulators and the horizontal sweep position in manual scan
mode. It also controls picture framing when the Option 10 (Video
Monitor) is present.

Alternate uses of the LEVEL control are discussed under DEMOD/
TG and Manually Scanning in sectlon 6.
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100.0MHZ (AUTOSWEEP)  ATTN 20DB
~10.0DBM VF 300KHZ
5.0MHZ/ 10 DB/ {}
300KHZ RBW (AUTO)  CALIBRATOR

DISPLAY STORAGE

The 2711 can display an analog A B

C D
spectrum or up to four sampled I
and stored digital spectra. A C)J-C) O—l-(_"] C)-J-D D-I-C)

major advantage of display storage

Is that it results In a flicker-free sweep. The digital display storage
registers are named A, B, C, and D. Their status is controlled by
(A}, [8], [C], and [D}; the red and green LEDs below each key
indicate the status of the corresponding register. When a red LED
is lit, the contents of the corresponding register are displayed. The
contents of a register can be either the measurement currently
being carried out, or previously saved data,

When only a red LED Is lit, the contents are the result of the
instrument’s current activity. Current resulls are updated from the
signal at the RF Input during each sweep. The prasent conlrol
sefttings are used for the update.

When a green LED is It for the [A}, [B), or [C] keys, the correspond-
ing reglster contalns a saved sweep (the on-screen readouts are
saved along with the sweep). A saved sweep cannot be erased,
modified, or updated without operator Interaction.

When the [D] key's green LED is lit, the 2711 is in "waterfall” mode,
which is explained later in this section. [A], [B), [C], and [D) are
toggle-action keys that activate and deactivate the display regis-
ters. A regisier's contents are displayed only when it is activate
(red LED lit), although it still contains saved data as long as its
green LED is it.

Press [C] to 1urn on the C reglster (D should already be turned
on).

The only change that might be apparent on the display Is an
increase in trace intensity since the C trace is being displayed on
top of the D trace.
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Now press [A] and [B] to turn on the A and B registers.

Again, you may nolice an increase in intensity, but the shape of the
spectral display should not change because each register contains
exactly the same information. Deactivate the B,C,and D
registers by pressing [B], [C], and [D].

This display is no different than the D register waveform. Verlfy
this by turning on the D register and turning off A (press [D]
and then [A]). VerHy that this Is true of the other reglsters by
alternately switching a new one on and the previous one off.

Analog Display

Press the [A], [B], [C], and [D] keys to deactivate all reglsters.
You are now viewing the analog output of the instrument. Note its
simHarity to the MAX/MIN display. Any time all four red LEDs are
turned off, the analog output of the 2711's detector is displayed
(see also Analog/Dightalin the next section). The digitizer is still
working; you have just disabled all the display registers. The
analog display can be very useful for viewing time-varying modula-
tion such as television video signals. It is also useful if you are
graduating from an older spectrum analyzer that may not have
digitat display capabilities. It provides a more familiar disptay and
allows you to see the similarity between the 2711's MAX/MIN
display and the analog signal. You can usually obtain a well-
defined analog display, especially at higher sweep speeds, by
varying the intensity (see INTENSITY al the end of this section) or
by turning off the on-screen readouts.

Press [D] to activate the D regisier.
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DISPLAY STORAGE

SAVE The SAVE ENABLE] key
ENABLE modities the function of the [A)],
[A] {B] [c] IBLIC)and[D]keys. When
é | | [ used with [A], [B], or [C], it saves

the current digitizer output in the
corresponding register.

Press [SAVE ENABLE]. The red LED below [SAVE] lights. This
indicates that the SAVE function is armed.

Press [A}] to save in the A reglister what is presently being
displayed. The green LED below [A] lights, but observe that the A
register was turned off and remains turned ofi. Press [D] to turn
off the D reglster and press [A] to turn on the A register. Note
that the display does not change with time. The contents of the
A register are not being updated. You are viewing a saved display.

Nex! you will save a trace in B. Press [B) to activate the B
register and ensure the A register Is turned off (red LED not
lit). Use an arrow key to set the resolution bandwldth to

30 kHz. Press [SAVE ENABLE] [B).

The current display is saved and the [B] key's green LED lights.
The register remains active, but because it is now saved, it is no
longer updated.

NOTE

Status of the red LED is not changed by the [SAVE] opsration.

Press the [A], [B], [C], and [D] keys to deactivate all reglsters
(all red LEDs extinguished). Use an arrow key to set the
resolution bandwidth to 5 MHz, and press [SAVE ENABLE] [C].
The [C] key's green LED lights. Press [C] to aclivate the C
reglster. You see the digitized and saved version of the analog
sweep. The digitizer is continuously updated, whether it is being
displayed or not. Further, it is always the current digitizer oulput
that is saved. For example, you cannot save one register into
another. However, non-volatile RAM does make it possible to
permanently save the contents of the display registers by transfer-
ring them to stored setlings registers (see OTHER USER-DE-
FINED SETTINGS in the next seclion).
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Prass [C] to deactivate the C reglster and [A] to activate A. To
clear the A register, press the same keys used to store a wave-
form. Press [SAVE ENABLE] [A). The [A] key's green LED 1urns
off indicating there is nothing stored in lhe A register. The register
remains active, but the displayed spectrum is now updated during
each sweep.

Ister Priority

The on-screen readouts are stored along with the sweep. Unfortu-
nately, the instrument can only display one group of readouts at a
lime. When multiple registers are active, the readouts for the
highest priority register are displayed. Register priority is shown
below.

PRIORITY REGISTER

highest D-register, current waveform
: C-register, current waveform
B-register, current waveform
A-register, current waveform
D-register, saved waveform
C-register, saved waveform
: | B-register, saved waveform
lowest A-register, saved waveform

To see how register priority works, continue with the following
operations. Press [A] and [B] to turn off A and turn on B. Note
the on-screen readouts. The indicated resolution bandwidth
should be 30 kHz. Now press [C] to turn on C. The resolution
bandwidth should read § MHz (C has a higher priority than B, so ils
readouts are displayed). Press [A]to turn on the A reglster and
set the resolution bandwldth to AUTO (press [AUTO]. Notice
the RBW readout chenge. Any regisler containing a current
sweep has a higher priorily than a register containing a saved
sweap, so the A-register readouts are now displayed.

Experiment more, If you wish, then clear and deactivate the B and
C registers. Leave only the D reglster active (red LED liit).
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100.0MHZ (AUTO SWEEP) ATTN 40DB

10.0DBM VF 300KHZ
5.0MHZ/ 10 BB/

J00KHZ RBW (AUTO) CALIBRATOR

DISPLAY STORAGE

SAVE
ENABLE The [SAVE ENABLE] key also changes the

ized by the % fcon below the [D] key).
The waterfall display is more effective In peak

% acqulsition mode (which will be discussed
under DSPL in the next section).

- function of the [D] key. When used with [D], it
? J_D__JG places the 2711 In “waterfall” mode (symbol-

Press [DSPL] [4) to enter paak acqulsition mode. Press [SAVE
ENABLE] [D] fo enter waterfall mode.

All eight of the register status LEDs light and four traces appear.
Because waterfall mode uses all four registers, A, B, and C
registers must be cleared before the instirument allows you to enter
waterfall mode. This is a safeguard to prevent accidental overwrit-
ing of previously saved data. if you attempt to enter this mode
without first clearing the registers, an error message appears.

Look at Figure 5-1. D is the bottom waveform and A the top.
Each waveform Is displaced upwards one division from the preced-
ing waveform, and shifted 1/2 division to the right. The most recent
(current) sweep is in the D register, the previous sweep in C, the
next previous in B, and so on. At the end of each sweep, the
waveforms are all shifted up one register. This display can be used
to walch slowly varying spectra evolve or 1o obtain a “fee!l” for the
varlability of signals. Waterfall can also be usefut for “capluring” an
event that occurs quickly. In the present case of the calibration
signal, there Is virtually no varlation,

Creale a small signal shift by slightly changing the center
frequency and observe how the display responds.
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1/2 Division
Displacement
s

I'-I‘I'1—'!; 4BDB

Flgure §-1. Example of a waterfall display.

You can halt the waterfall action at any time by pressing [SGL
SWP]. Thereafter, each time you press [SGL SWP) the waterfall
will advance one trace. Exit normally from single sweep mode o
continue the waterfall display.

You do not have to view all the traces. Press [A] and [C] to turn
off the A and C registers. Next, press [A], [B], [C), and [D] to
turn off B and D and turn A and C back on. You can view any,
all, or none of the registers. Turn them all off and the analog
display reappears, However, the instrument remains In waterfall
mode. You cannot selectively erase a register or store new data
without first exiting from waterfall mode.

Press [B] and [D] to turn on all reglsters (red LEDs Iit). Press
[SAVE ENABLE] [D] to exit from the waterfall display mode the
same way you entered it. All LEDs except the red D turn off, and
the waterfall display reduces to a single D register trace.

Press [FREQUENCY] [1] [0] [0] [X] to reset the center fre-
quency to 100 MHz. Return to MAX/MIN acquisition mode by
agaln pressing [DSPL MENUJ [4].
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DISPLAY STORAGE
MAX The A and B registers can be used in MAX
2(;'-3 HOLD mode to save the peak values of

measured spectra. These registers must be
? DJ@_D cleared before using them in MAX HOLD
mode.
OO

The MAX HOLD fealure compares the
amplitude of the current sweap, point for point, with the stored
maximum value of previous sweeps. |f the current amplitude |s
greater, the current value bacomes the new stored maximum; if not,
the previous value is retained,

Press [D] 1o deactlvale the D reglster. Make sure the A reglster
Is cteared and actlvated, then press [MAX HOLD A & B].

The red LED below the [MAX HOLD] key lights signifying that you
have entered the MAX HOLD mods. The spectral display, espe-
cially the noise, Is much smoother. After several minutes, you will
nolice the noise floor appears to drift upwards, Because the
calibration signal is constant, # will not change. The upward drift of
the noise fioor slows and Stops as the most likely maximum values
are detected and stored. Now only an occasional nolse peak
exceeds the previously stored values, Press [D] to activate the D
register. Observe how the waveform in the D register (waveform
without MAX HOLD) is always less than the A register waveform.
Recording the peak signal excursions observed during a large
number of sweeps using the MAX HOLD teature yields an estimate
of the maximum signal values. It can also be very useful for
determining maximum signal amplitude during transient conditions,
or for making low-leve) fluctuating signals more apparent by saving
their peak value. You can obssrve as many sweeps as you wish,
You could equally as well have used the B register for MAX HOLD,

When you are ready to exit the MAX HOLD mode, press [MAX
HOLD A & B] [A] to turn off the A register. The red LED goes
out and only the register D sweep remains.

A capabilily called MIN HOLD, similar to MAX HOLD, saves the
minimum signal values. Using both MIN HOLD and MAX HOLD,
yOU can measure a signal's lotal excursion. For details, see the
DSPL discussion in the next section.
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FREQ/MKRS

MKR/A Marker-Delta-Off key ((MKR/A/OFJF) is a three-way

/OFF

toggle that enables you to control one or both

markers. A marker is a bright spot that appears on the

5-28

digitized wavelorm. Markers cannot be used with the
analog display. When marker mode is turned off, the
spot on the display indicates sither the center or starting frequency
of the display. When a single marker is turned on, it can be moved
1o any paint along the displayed waveform using the FREQ/MKRS
knob. The corresponding signal amplitude and frequency is
displayed on-screen. The marker amplitude readout represents
the most accurate method for determining signal amplitude with the
2711 (unless a separate, extremely precise signal Is used for direct
comparison). In general, amplitude accuracy is further enhanced if
the signal being measured is first moved to within one division of
the top graticula line using the REF LEVEL controls.

In delta (A) marker mode, two markers designate the points on the
waveform between which the differences in signal amplitudes and
frequencies are measured and displayed. It is not possible to
display one marker on a parlicular trace while displaying the
second marker on another trace. More than one register can be
displayed, but the markers appear only on the highast priority
waveform.

To activate the marker, press [MKR/A/OFF].

The sweep does not change, but the RF altenuation and video
filter readouts have changed to (approximately):

M 100.0MHZ
M -30.0D0BM

The M preceding the first two items in the right-hand, on-screen
readouts reprasent the amplitude and frequency of the signal at the
marker position. Turn the FREQ/MKRS knob several clicks
clockwlise. The marker moves lo the right and the readout iracks
it. The knob now controls the marker position rather than the
center frequency. Move the marker into the nolse. Notice that
the marker actually moves up and down beiween the max and min
noise values on alternate clicks of the knob. This is because each
click of the knob moves the marker 1o the next location in the digital
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waveform memory, thus tracking the stored max and min values.
Turn the knob counter-clockwlse and the marker moves left.
Again, the readout tracks the signal amplitude and frequency at the
marker position. Be aware that the marker frequency accuracy is
nol as good as the center frequency accuracy (see CTR-MEAS/
TRKG later in this section for a discussion of frequency measure-
ment accuracies) because it includes a span non-linearity compo-
nent.

If you attempt to move the marker past either edge of the display,
the spectrum will move towards the opposite edgs while the marker
remains stalionary. Try moving the marker past the right edge;
the signal peak moves to the left. Now turn the knob a few
clicks counterclockwise. The marker moves 1o the lefi but the
spectrum will not move back towards Its original position until you
altempt to move the marker past the other edge of the display.

Press [FREQUENCY] [1] [0] [0} [X] to center the callbration
signal on-screen, and use the tuning knob to center the
marker. Press [MKR/A/OFF] agaln.

The spectral display did not change, but the first two items of the
right column now read:

D OKHZ
D o.oDB

You have turned on the delta-marker mode. Turn the tuning knob
clockwlse. Now you can see both markers. One remains at the
original marker position, while the position of the second Is con-
trolled by the knob. The right column indicates the difference
(denoted by the letter D preceding the readouts) in frequency and
amplitude between the two marker positions.

Use the approprlate [¢ ] keys to Increase the span to 50 MHz/
division and reference level to —10 dBm. Uses the tuning knob
to place the movable marker at the top of the first signal peak
to the right of center (the calibration signal's second harmonic).
The right column now reads (approximately):

D 100MHZ
D-17.0 DB
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You are measuring the difference in frequency and amplilude
between the fundamental and second harmonic of the cafibration
signal. Your instrument may not read these values exactly, but it
should be close.

i you attempt to tune the movable marker past the edge of the
display, the spectral display behaves almost the same as it did for
the single marker. The difference is that the stationary marker
remains fixed with respect to the spectrum. You can even force
lhe stationary marker off-screen and the readout will continue to
Indicate the difference belween ihe two marker positions. In this
way you can make difference measurements across the whole
input range of the analyzer.

Turn the tuning knob clockwise untli the readout Indicates the
movable marker Is 900 MHz to the right of the statlonary
marker. Try to locate the sixth or seventh harmonics of the
calibration signal near center screen. If they are not visible,
press [VID FLTR] to turn on the video fliter. You should now
sea the peaks. Use the tuning knob to place the moveable
marker on elther peak to measure Its difference In ampllitude
and frequency relative to the fundamental calibration signal.

Exit marker mode by pressing [MKR/A/OFF] until the normal
RF attenuallon and video fliter readouts return (one press If In
A-marker mode, two If in single marker mode).

Press [VID FLTR] to turn off the video filter.
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140.0MHZ (AUTO SWEEP) _=ATTN 10DB
-20.0DBM VF WIDE
50.0MHZ/ 10 DB/
5MHZ RBW (AUTO) CALIBRATOR
FREQ/MKRS
CTR-MEAS
/TRKG

The center measure feature detects the signal peak
nearest the marker and above a preset amplitude

threshold (changing the threshold is discussed in
section 6 under MKR/FREQ). When the marker is turned off, the
signal peak nearest center screen is detected. The Instrument then
measures the signal frequency and makes this value the new
center frequency.

With this feature the tuning knob is not the only way to measure a
signal frequency. Instead, place the marker close 1o the signal of
Interest and press the [CTR-MEAS/TRKG] key. Press this key
twice to enable the signal track feature that keeps drifting signals
centered by continuously repeating the center measure operation,

NOTE

[CTR-MEAS/TRKG] provides the easiest and most accurate
method of dstermining a signal's frequency.

Press [MKR/A/OFF] to turn on the marker and place It near the
callbratlon signal using the FREQ/MKRS knob. (In general,
place the marker near the signal of interest. Without a marker, the
signal nearest center screen is measured). Use the arrow keys
to set the reference level so the signal peak Is within one
divislon of the top graticule line and press [CTR MEAS/T RKG].

The calibration signal is centered on the display, and the frequency
of the centerad signal is indicated by the new center frequency and
marker frequency readouts.
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NOTE

If your 2711 contains the Option 02 frequency counter,
the amplitude and frequency of the centered signal are
read out at the upper right of the screen preceded by a
C (counter). The counter readout provides the most
accurate frequency determination available on the 2711,
and its resolution can be set to 1 Hz. The counter
readings disappear when a control selting is altered.

The marker and counter amplitude readouts are equally accurate.
However, the signal amplitude indicated by the position of the
marker relative to the graticule may ditfer slightly from the readout.
The readout is more accurate because It conlains no display non-
linearities,

The Option 02 counter frequency readout is more precise than the
standard center frequency reading. Frequency accuracy is

+1 x 107 of center frequency + 5§ kHz  (least significant digit)
for standard instruments, and

11 x 10°° of center Irequency + 10 Hz t (least significant digit)
for instruments with the Option 02 frequency counter installed.

Now you wlll view the calibration signal's third harmonic more
closely. Use the tuning knob to place the marker near the third
harmonic, at about 280 MHz, and press [CTR MEAS/T RKG].

The calibration signal's third harmonic frequency becomes the new
center fraquency and its frequency and amplitude are displayed at
the top of the right-hand readouts.

Press [MKR/A/OFF] to enter deita-marker mode. Using the
tuning knob, place the movable marker near the calibration
signal (at 100 MHz) and press [CTR MEAS/T RKG].

This mode of operalion centers the signal peak nearest the
movable marker and measures the difference betwesn the
centered signal and the signal at the fixed marker. In this case, the
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fundamental is centered and the markers appear atop it and the
third harmonic. Readings of approximately 200 MHz and 17 dB
appear at the top of the lefl column preceded by D or DC (delta-
counter if Option 02 is installed). The center measure feature with
delta marker mode provides a very convenient method of determin-
ing precise signal dilferences without manual tuning or interpolation
of graphical data.

Prass [MKR/A/OFF] to turn off the markers.

The center measure feature can perform still another function for
Option 02 Instruments, When center measure is used in zero span
mode, the counter measures the frequency at the output of the
detector. Because the output varies only if the signal is modulated,
the counter is actually measuring the frequency of the modulation
(if none is present, you receive a message saying so). Normally
AM detection is used, but you can select FM detection (see
Viswing Instantaneous Frequency Devlation in section 6). With
either detector, the center measure feature provides a quick
method of determining the frequency of the modulating signal. Of
course, the modulation frequency must fall within the bandwidth of
the resolution BW filter and any video filter that is active {and the
FM discriminator when FM delection is selected).

e ——————————————

(AUTO SWEEP)

ATTN 10DB

100.0MHZ
—20.0DBM VF WIDE
20.0MHZ/ 10 DB/

5MHZ RBW (AUTO) CALIBRATOR

The signal track feature continuously repeats the center measure
operation. On each sweep the signal nearest mid-screen Is
measured and centered. This is usetul for keeping a slowly varying
or jiltering signal centered for close observation.

To actlvate signal track, press [CTR MEAS/TRKG] twice.

The term TRKG appears in center screen indicating that the signal
tracking mode is active.

Turn the tuning knob while a sweep Is underway.
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On the next sweep the signal may be displaced, but on the follow-
ing sweep it is centered on the screen. The frequency readouts
also change. Tracking mode continuously repeats the center
measure feature.

it the signal being tracked falls below a preset threshold (see
Setting the Signal Threshold in the next section), tracking halts
and this message is displayed:

NO SIGNAL FOUND ABOVE THRESHOLD

The message Is accompanled by a tone. When the signal rises
back above the threshold, signal track resumes automatically.

Simulate signal loss and recovery by turning the callbrator off
and then back on again ({UTIL] [9]). The audible tone makes
signal tracking mode useful as an amplitude threshold detector.

With the optional frequency counter, you can also obtain
continuous counter readings in signal track mode. Press [MKR/
FREQY)/ [9] [1] [1] to turn on the counter (See Counter
Resolution in section 6 for additional information).

Press [MKR/A/OFF] to exIt from tracking mode and turn off the
markers.

FREQ/MKRS
MKR MKR

Use the tuning knob to center the calibra-
L p tlon signal and press [MKR/A/OFF] to turn
on the marker. Press [MKR =»]. The
marker jumps to the second harmonic's peak.
Press the [MKR = ] key agaln. It jumps to the third harmonic.

Now press [MKR +]. The marker jumps in the other direction.
[MKR + ] and [MKR = ) move the marker to the next signal peak In
the indicated direction and above the preset threshoid, but they will
not go beyond the edge of the display or lower than 0 Hz. Further,
the readouts and center measure/ tracking behave as if you had
manually moved the marker.

Press [MKR/A/OFF] to enter delta-marker mode and press the
[MKR + } and [MKR = ] arrow keys.
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The movable marker jumps in the direction of the arrows Just as the
single marker did, and the readouts and center measure/ tracking
behave as if you had manually moved the marker.

FREQ/MKRS

PEAK
FIND

Ensure the markers are turned off by checking for an
RF Attenuation readout. Press [FREQUENCY] [2] [7]
[5] [X] to set the center frequency to 275 MHz and
press [PEAK FIND)]. The marker automatically turned on and
jumped to the peak of the 100 MHz calibration signal. The 2711
detected the highest signal on-screen and automatically moved the
marker 1o it. After the movs, the instrument behaves exaclly as if
you had moved the marker there manuatly.

Use [MKR = ] to move the marker to the peak of the third
harmonic. Press [PEAK FIND] agaln. The marker moves back to

the fundamental; the marker peak find feature always locates the
highest peak on-screen.

Any conirol settings can be used

MISCELLANEOUS CONTROLS
We have discussed and exparimented wilh all the 2711 functions

exceplt the menu keys and a few miscellaneous controls. These
controls will be covered briefly here.

PLOT

If your 2711 has a communications port such as GPIB
(Option 03) or RS-232C (Option 08), a [PLOT] key is
located immediately below the VERT SCALE function
block. [PLOT] causes a printer or plotter to draw an image of the
screen. The on-screen readouts are plotted on the drawing in the
border area so they don't interfere with the wavelorm. If you wish
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to have graticule lines on the printout, you must turn them on by
pressing [UTIL] [4] [1] [5]. You can also add labeis to the plot (see
Adding Titles and Labels In section 6).

Before attempting to create a screen plot, you must ensure that the
optional communications port is correctly configured (see System
Configuration in the next section).

To plot the screen, check that your printer or plotter Is pow-
ered up, on line, and that the paper Is correctly allgned. Then,
with the 2711 displaying the desired trace(s), press [PLOT].

The printer or plotter quickly begins to draw the trace. Because the
printer/plotter output data are buffered, the 2711 returns to the
spectral display and Is ready to accept additional commands
before printing/plotting ends.

NOTE

Plotting time can be reduced by choosing peak acquisition
mode, or using the vidso filter, to reduce noise variations.
Noise variations do not affect printing time when using a dot-
matrix printer.

READOUT

You can turn the standard on-screen readouts on and
off. There are two reasons for doing so. First, it
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prevents the readouts from overtapping the display.

To understand the second reason, Inltialize the 2711 to the
factory power-up defaults ([UTIL] [1] [1]) and press [D] to enter
analog display mode. Notlce the regularly spaced dark areas
In the sweep. Now press [READOUT] to turn off the readouts,

The dark areas are gone now. The dark areas reprasent time
when the CRT beam is wriling the on-screen readouts. Their
appearance changes with sweap speed. By removing the read-
outs, you eliminate the dark areas. You will also notice that the
trace has intensified. The added intensity may be important when
viewing analog data at high sweep speeds,

Press [READOUT] [D] to turn on the readouts and activale the
register D.

T B L et eyt e E Gl
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INTENSITY

The intensily control is a rotary knob located

directly above the [POWER] switch. Twlst the

INTENSITY knob slowly back and forth. Notice

the display grow brighter and dimmer as you

turn the control. Leave the intensity setto a

level sulficient for good contrast in your ambient
light conditions. If you must turn it to full intensily, try reducing the
ambient light or shielding the display. if the Instrument Is used In
direct sunlight, a contrast-enhancing fliter Is recommended
(part of Option 33).

There are three non-locking,

slotted controls at the upper right
T:(A)gE ‘:’EOZT HI?C'):‘SIZ of the rear panel that are used with

a built-in test display 1o adjust trace

alignment. The contro! shafts are
recessed within hex nuts thal attach the controls to the chassis. Do
not altempt to turn the hex nuts and do not use excessive force
when turning the slotied shalts. A plastic adjustment tool is
recommended in preference to a screwdriver. Display alignment

~ Instructions using these controls are located in the Utility Menu
portion of the next section.
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SECTION 6
SOFTWARE CONTROLS - THE MENUS

This chapter describes In detail the menu-selected, software-driven
features of the 2711. You will discover how this approach to
Instrument conirol provides a degree of measurement flexibility
otherwise unattainable without a large, cumbersome, and hard to
understand control panel.

NOTE

The exercises within this section require some user
experience with the control panel and data entry opera-
tions. Referto sections 4 and 5 when detailed information
is needed for specific controfs.

During this section, perform the operations that are
highlighted with bold text.

The fronl panel contains a function block labeled MENUS. Press-
ing the keys in this block calls up, or causes to be displayed on the
CRT screen, a menu. The menus enable you 16 perform a variety
of tasks, some of which are not convenient using the front-panel
dedicated controls. These include:

+ Controlling spectrum analyzer operational modes
« Changing control increments and settings

* Storing and recalling control setlings

» Normalizing the spectrum analyzer

* Altering measurement parameters

+ Executing diagnostic routines

+ Automating measurements

Each menu Is a list of numbered items. Choosing an item often
results in a secondary menu baing displayed. Some infrequently
used ftems from the secondary menu may call up a tertiary menu.
A few items from the menus are neither listed nor explained in the
following discussions: these are absent from the instrument, or
represent factory froubleshooting and calibration aids not intended
for general operalor use.
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INPUT MENU
1 PREAMP OFF
2 50 OHM DBM/75 OHM DBMV 50
3 REF LEVEL UNIT DBM
4 1ST MXR INPUT LVL -30DBM
5 RF ATTENUATION AUTO 50DB
6 EXTERNAL ATTEN/AMPL NONE
9 CAL SIGNAL @ 100MHZ -30DBM OFF
PRESS ANY MENU KEY TO EXIT
PRESS BKSP FOR PREVIOUS DISPLAY

Figure 6-1. The INPUT Menu.

An overview of the menus is included in the Operation Summary
section. Once you are familiar with the menu features, the over-
view should provide all the information needed to use the menus
effectively.

To use the menus, flrst press the appropriate menu key in the
MENUS functlon block, and then press the number key on the
KEYPAD corresponding to the desirad item.

A feature status indicator on the right side of the menu item shows
the present value or condition of that parameter or feature. See
Figure 6-1 as an example. The status indicator is updated as you
make selections or aller parameters.

Depending on the parameter or feature, there are three ways the
status may be changed. Each uses the numeric KEYPAD:

* When only two or three values or conditions are permitied,
pressing the KEYPAD key corresponding to the item
number cycles through the acceptable vatues. At each
step, the new status appears at the end of the line.

* If the 2711 accepts a larger but still limlted range of values,
it presents a secondary menu consisting of a list of the
values that may be selected by pressing their correspond-
ing keypad key. For instancs, if you select item 3 from the
INPUT MENU shown in Figure 6-1, the REFERENCE
LEVEL UNITS Menu shown in Figure 6-2 appears. An
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REFERENCE LEVEL UNITS

0 *DBM

DBMV

DBV

DBUV

DBUW

DBUV/M IN WFM C ANT EMPTY.

Qo WON =

w

DBUVM SETUP

PRESS ANY MENU KEY TO EXIT
PRESS BKSP FOR PREVIOUS DISPLAY

Flgure 6-2. Reference Level Unite Menu,

TRIGGER MENU
0‘FREE RUN
1 INTERNAL
2 EXTERNAL
3 LINE
4 TV LINE
5 TV FIELD

SWEEP MENU -

*6 SWEEP RATE 50MS/DIV
7 MANUAL SCAN OFF
8 SYNC POLARITY POSITIVE
9 SETUP TABLE
ENTER NEW VALUE: _

(1 - 2- 5 SEQUENCE)

Flgure 6-3. Sweep/Trigger Menu with SWEEP RATE seleciion chosen,

asterisk (*) inserted belween the item number and ils
description indicates the value presently selected.

* It a parameter can have a wide range of numerical values,
two things happen. First, 1he instrument precedes the
selected item number with an asterisk (*). Then the 2711
produces a prompi near the bottom of the screen instruct-
ing you to enler a new value. This is shown in Figure 6-3

where item 6 [rom the SWP/TRIG Menu has been selected.
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To enter a setting or parameter value, you press the KEYPAD keys
representing the numarical value, and then press the appropriate
terminator key. The numbers appear on screen as keys are
pressed, but are not entered until you press the terminator key.

i you make a mistake, correct it any time before pressing a
terminator by repeatedly pressing {BKSP} (the backspace key) until
the incorrect number disappears. Then type the correct value.

The terminator keys ([W], [X], [Y), [Z]) determine the units and entar
the data. Each key can represent sevaral units, but they are
context-sensitive and the 2711 will determine the intended unit
based on the parameter or setting you are attempting to modity.
For Instance, [X] can represent MHz, mSEC, or mV, but if you are
attempting to enter a sweep rate, the 2711 will correctly interpret
the units as mSEC when you press [X].

Thus, to enter a value of 20 milliseconds, you would press:
[21[01 [X] or {2] [0} [.] [0] [X]

Whereas to enter 20 microseconds instead, you would press:

(2101 [¥] or [2}{0} [.][0] [Y]

Note that entering a value for the sweep rate also removes the
sweep rate parameter from AUTO mode. To relurn to automatic
selection, you press [AUTO} in the SWEEP function block.

There are three ways 1o exit from a menu:

1. Many salectlons cause the instrument 1o revert automatically to
tha measurement mode it was in before calling up the menu, A
small delay is provided between making the selection and
reverting to the spectral display to enable you to see the status
indicator at the end of the menu line change. However, the
change Is also reflected in the on-screen readouls in many
cases, or by the nature of the spectral display itsell.

2. This prompt is displayed at the bottom of all menus prior to
making a selection:

PRESS ANY MENU KEY TO EXIT
PRESS BKSP FOR PREVIOUS DISPLAY




271 User Manual

Pressing a menu key returns directly to the spectral display.
This technique may be used if you do not desire 1o make a
selection.

3. Pressing the backspace key, [BKSP), relurns to the previous
menu, f there is no previous menu, you return to the spectral
display. Therefore, this key can be used to return to a previous
menu, or to back entirely out of a menu and return to the
spectral display.

In general, menus are not reproduced here. It is intended that you
follow the experiments in this section. However, should you need a
reference, consult section 4, Operation Summary.

100.0MHZ (AUTOSWEEP)  ATTN10DB
~20.0DBM VF WIDE
20.0MHZ/ 10 DB/
5MHZ RBW (AUTO)

INPUT

|:l The INPUT Menu is used to control instrument paramaters
which alter signal sensitivity, change measurement
amplitude units, and turn the calibration signal on and off.

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

The menu shown in Figure 6-1 appears on screen.

Turning the Calibrator On and Off

The word OFF following item 9 of the Input Menu indicates the
calibralion signal is turned off. Turn on the calibration signal by
pressing [9].

The spectral display reappears and the word CALIBRATOR is now
displayed at the lower right of the screen indicating the calibration
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signal is on. The calibrator signal Is the peak at center screen.
Turning on the calibrator also Internally disconnects the RF INPUT
from the RF altenuator and prevents viewing of external signals,

Again press [INPUT].

The word following item 9 now is ON. In this way, the menu
enables you to toggle between the two possible settings, and
informs you of the current seiting.

Turn the catlbrator off by pressing keypad key 9 again.

The spectral display returns, but without CALIBRATOR displayed.
Press [INPUT] [9] once again to turn the callbrator back on.

Setting the RF Attenuation

6-6

Set the reference level to 0 dBm ([REF LEVEL] [0] [Y]). Press
[4] 10 the right of [REF LEVEL] twice. Nolice that the signal
peak rises but the nolse floor does not.

The RF attenuation decreases each time you pressed the key; the
increased signal height is achieved by reducing attenuation. The
noise floor, however, is generated after the RF attenuator, so it is
nol affected.

Reset the reference level to 0.0 dBm and select the INPUT
Menu,

ltem 5 indicates that the RF attenuation is 30 dB and is being
selocled automatically. You can set the RF attenuation to a fixed
value.

Select Item 5 and this prompl appears:
ENTER NEW VALUE OR “W"; __
(0TO50 IN 2 DB STEPS )
W= AUTO

Enter a fixed value of 30 dB by pressing:
[31[01[¥]
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The display returns unchanged. Again press [4]twlce. Now the
signal peak and the noise floor rise. Pressing the [4 ] key twice
increased the 2711's IF gain by 20 dB to lower the reference level,
but the RF attenuation is unchanged.

Press [INPUT] [5] [W] to place the RF attenuation back In
automatic mode.

Changing Reference Level Units

You can change the reference level units via the Input Menu,
Ensure the reference lavel Is set to 0.0 dBm and then choose
Item 3 from the INPUT Menu.

A list of six possible units appears. Select ltem 2, DBV. The
spectral display is restored but the reference level now reads
—13.0 dBV because 1 mW across 50 Q (0 dBm) represents .223
Volts, which is 13 dB below a 1 Volt reference (0 dBV). Only the
units change, not the galn, attenuation, or input Impedance.
Therelore, the height of the spectrum is unchanged.

Change the unlts back to DBM and turn off the callbrator.

Each of the six units except the DBUV/M (dB relative to a pVolt per
meter) represents a simple change of scale. Be aware that the
2711 always measures the voltage at its input across its 50 Q input
impedance, and then scales the result according to the selected
units, Because the DBUV/M is not just a simple unit conversion, it
Is discussed separalely in a later section.

Accommodating External Amplification/Attenuation

When you wish to measure a high amplitude signal, il is possible
that you will have to attenuate the signal before applying it to the
spectrum analyzer. {Remember, the maximum total signal power
at the input 1o the 2711 should not exceed +20 dBm, or 100 mW.)
On the other hand, if you have a very weak signal, you may need to
amplify it. You could menlally add the extra attenuation or amplifi-
cation to the displayed signal peak to determine the correct signal
amplilude, but the 2711 offers a better way.
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Ensure the callbrator Is turned off and select the Input Menu.
ltem 6 tells you there is presently no external attenuation or
amplification. Select item 6. A secondary menu appears which
enables you to enter the amount of exiarnal attenuation or amplifi-
cation, Select ltem 1. Suppose you have attenuated an RF
transmitter output 40 dB prlor to measuring it. Following the
on-screen prompls, press:

[4110) (2]

This procedure enters an external attenuation value of 40 dB. The
spectral display does not change, but the reference level now
Indicates 40 dBm and is followed by the term:

OFST
indicating that the reference level has been offset, in this case by
40 dB. The reference level is offset automatically when you enler
any value for external altenuation or gain.
To turn off the offset, first press:

[INPUT] [6]

iten O tells you the offset is turned on. Turn It off by selecting
ltem 0. The spectral display will reappear, but OFST is gone.

Toggle the offset back on without entering the external
attenuatlon value again by pressing:

[INPUT] [6] [0]

Now turn off the offset, and then enter a value of 0 dB for
external attenuatlon.

Accommodating a 75 Ohm Source

6-8

The 2711 has a 50 Q Input impedance and expects a 50 Q signal
source impedance. However, a 75 Q source impedance is typi-
cally associated with some applications such as cable television,
which uses the dBmV as a “standard” amplitude measurement
unit. The 2711 provides two ways to make 75 Q measurements.
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When making narrow-band measurements (carrier-o-noise ratios,
relative amplitudes of signals close together in frequency such as
telavision visual and aural carriers, bandwidths of narrow signals,
interference levels relative to a nearby signal, etc.), you can
generally connect the 2711 direclly to a 75 Q source. For these
cases, item 2 of the INPUT Menu (50 OHM DBM/75 OHM DBMV)
automatically Inserts correction factors to account for the 75/50 Q
impedance difference and the conversion from dBm to dBmV. lf a
75 Q source Is connected to the input of a 75 Q instrument, the
voltage will be 1.9 dB higher than it Is with the same source
connected to the 50 Q input of the 2711. We can also calculate
that 0 dBm dissipated In 50 Q is equal to +47 dBmV across the
same resistance. The total difference Is, therefore, 48.9 dB. Hem 2
of the Input Menu differs from the dBmV unit chosen via [INPUT] [3]
(1] by including the 1.9 dB factor to account for the higher voltage
which would be present at the input to a 75 £ instrument.

Ensure the reference leve! Is set to 0.0DBM. Toggie the Input
Impedance/reference units between 50 OHM DBM and 75 OHM
DBMV by pressing:

[INPUT] [2]
Once again the spectral display is unchanged, but the reference
level has been converted to 48.9DBMV to reflect the new source
impedance and units.

Return to 50 OHM DBM By pressing [INPUT] [2] again.

Iif you do not select the 50 Q mode, a 1.9 dB impedance correction
remains regardless of the units you select.

NOTE

Selecting item 2 from the INPUT Menu does not change the
2711 inputimpedance; itonly inserts a correction for the 50/
75 Q impedance mismalch and a conversion factor from
dBm to dBmV.

When making broad-band measurements or measurements of
absolute amplitude (antenna, system, or ampliflier sweeps, absolute
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carrier amplitude, comparison of signals widely separated in
frequency, etc.), you may want to present a matched load to the
source to provide maximum flatness and to minimize standing
wavae ratios. You can do so by inserting the matching minimum
loss pad (an optional accessory) shown in Figure 6-4 between the
source and the 2711. To obtain correct dBmV readings, set the
INPUT Menu measurement parameters as follows:

ltem 2: 50 OHM DBM/75 OHM DBMV 50
item 3: REF LEVEL UNIT DBMV
ltem 6: EXTERNAL ATTEN/AMPL ~7.5

In this case, you select the dBmV unit via [INPUT] [3) [1] and the
50 €2 source because the 2711 is matched 1o the 50 Q side of the
minimum loss pad. The signat is actually being terminated In a
75 Q impaedance. Further, it is the attenuation of the pad which Is
entered under item 6 and not its insertion loss. The 7.5 dB value
accounts for both the insertion loss and the fact that the signal at
the input to the minimum loss pad is 1.9 dB greater than it would
be if the 75 Q source were connacted directly to the instrument.

If In doubt whether the pad is needed, compare a measurement
with the pad to the same measurement without the pad. If there is
no significant difference, abandon the pad. In some cases, such
as carrier-lo-noise measurements, the use of a pad may drop your
system noise level below the instrument noise floor. In such
cases, the pad cannot be used. Removing the pad typically does
not distort C/N measurements.

When a 75 Q source Is routinely used, you can make the seltings
above part of the spactrum analyzer user-defined power-up (see
the UTIL discussion later in this section); then you will not have to
change the settings each time the 2711 is used.
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I MINIMUM 2711
SOURCE | LOSS PAD | INPUT
750 4330 |
_>|7-—_

Veai Vi

Flgure 6-4. 75/50 ohm malching minimum loss pad.

Selting the First Mixer Input Level

Over-driving the analyzer's first mixer circuit can generate spurious
signals and cause Inaccurate measurements. As the signal
amplitude Increases past the maximum linear range of the circuit,
lts output amplitude becomes less than It should be. This creales
lowsr-than-actual amplitude measurements and generales spurious
signals through the processes of intermodulation or harmonic
distortion. Conversely, if the signal amplitude at the mixer is too
low, slgnals may become lost in the internal noise. An optimum
compromise is achieved within the 2711 by making the top grati-
cule line represent a —30 dBm level at the Input 1o the first mixer.

However, in cases where total signal energy is large, it may be
benelicial to restrict the input to the mixer to a smaller value. For
example, by setting the first mixer input level to ~40 dBm, you
increase the RF attenuation by 10 dB while simullaneously
Increasing the IF gain 10 dB, This provides additional protection to
the first mixer. In other cases, you may want to examine a low-
level signal adjacent to a high-level signal, A -20 dBm level at the
first mixer allows you to get an additlonal 10 dB of sensitivity by
reducing the AF attenuation 10 dB but decreasing the IF gain

10 dB to compensate. The danger is that Internally generated
distortion products may become more noticeable.
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To change the signal level at the mixer, press:
[INPUT] [4]

You are prompted to enter a new mixer input lavel. You can enter
values from —50 dBm to —20 dBm in 2 dB steps. Try —20 dBm
and -40 dBm while observing the loevel of the noise. Because
the RF attenuation is increased by the same amount the first mixer
input is decreased, the noise floor rises as the mixer level is
reduced. When you are done experimenting, set the mixer
Input level back to -30 dBm.

100.0MHZ (AUTO SWEEP) ATTN ODB
-50.0DBM VF 300KHZ
SMHZ/ 10 DB/
300KHZ RBW (AUTO)

Turning the Preampilitier On and Off
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Your spectrum analyzer is equipped with an internal preamplifier.
The preamplifier can be very useful when measuring cable TV
noise (see the C/N discussion later in this chapter) or other signals
near or below the normal instrument nolse floor. It is also useful
for Increasing the sensitivity of radiated RF energy measurements
(leakage, RFVEMI, etc.). The nominal gain in sensitivity using the
preamplifier is 12 dB. Above 600 MHz the preamplifier remains
usable and useful, but its flatness rofls off somewhat and is not
specified. To be effective, the preamplifier must be used with no
RF attenuation. The preamplifier is not normally turned on
because it can easily result in over-driving the first mixer. The
signal amplitude at the first mixer with the preamplifier on and no
RF altenuation is equal to the input signal level plus about 18 dB.
In other words, a -40 dBm signal would overdrive the first mixer.
Total signal amplitude greater than -48 dBm at the input to the
2711 with the preamplifier turned on may create spurious slgnal
components and produce unreliable amplitude measurements.
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Note the level of the noise floor and then press:
[INPUT] [1]

kem 1 of the INPUT Menu toggles the preamplifier on and off. The
preamptifier is now turned on as indicated by the term:

PRE
following the reference level readout.

Agaln note the noise floor; it should be about 12 dB lower than
before. The instrument has automatically reduced its internal gain
(thus lowering the normal noise floor) to compensate for the added
gain of the preamplifier. The result Is that you can now see signals
which are up to 12 dB below the normal instrument noise floor.
Turn the preamplifier off.

Using the DBUV/M

The decibel relative to a microvolt per meter (dBuV/m) is an electric
field strength unit that characterizes the Intensity of radlated RF
energy. Typically, the radiated signal amplitude Is measured at the
terminals of a calibrated antenna to delermine the fisld strength.
With most spectrum analyzers, you then correcl the measured
signal amplitude for any external gain or attenuation, convert signal
amplitude to radiated intensity using the antenna factor (often
referred to as the K-factor) for your antenna, and scale the field
strength for the difference between the measurement distance and
the required reference distance. There Is ample opportunity for
arithmetical errors. The 2711, however, performs the cotrection,
conversion, and scaling for you. Enter the external gain or atlenua-
fion, antenna factor, and measurement distance using the INPUT
Menu. Then select the dBuV/m reference unit and the 2711 does
lhe rest. The signal intensity is read out on screen using the
marker, corrected for distance, In either dBuV/m or volts/meter.
Using the Display Menu, it Is also possible to have the 2711 sound
a high level audible alert if the measured signal exceeds a thresh-
old that you sel. This feature facilitates go/no-go or present/absent
tests.
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Figure 6-5 shows how to set up your equipment. A balun may be
Included as part of your antenna. The filter and external maltching
network are optlonal. The filter is intended primarily to prevent off-
the-air signals, such as radio and television, from swamping the
instrument. The matching network may be necessary for maxi-
mum accuracy. If in doubt, try the measurement with and without
the network. If there is no difference, omit the network for maxi-
mum sensitivity.

The following formula relates the radiated field strength in dB
relative 1o a microvolt per meter (dBuV/m) to the measured signat
amplitude In dB relative to a milliwatt {dBm), and scales the result
measured at a distance d_,., 10 areference distance, d,. The
reference distance Is often specified by the regulatory agencles.

PdBqu = PdBm +107 + 20 |Oglig-u'ﬁgﬂ -A+K
e
d_...= distance from radiation source at which measurement is
carried out

= reference distance at which the intensity is desired

A = attenuation or gain between antenna and instrument. I
the filter is used, its gain or attenuation should be
included in this number. If balun losses are not
included in the antenna factor, they should be included
here. Cable loss, if significant, can also be included
here,

K = antenna factor; supplied by manufacturer or calculated
from:

K=20logf-G-10log(19*R_)

G = antenna gain as a function of frequency
f = frequency of signal in MHz
R, = output resistance of the antenna or the
balun, if the balun is treated as part of
the antenna
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COMMERCIAL BICONICAL ANTENNA WITH BALUN ATTACHED

300 Q Twin Lead

Folded Cut Dipole

S
% Home Made Dipole Antenna
5600 1425
{MHz) Inches = TMHz )Melers
P

|

I

|

II — 3009 Twin Lead
L 3 &y _ _"4— Non-Melallic

1 r Mounting Board
: : {Masonllie)
; S 300 to TV Balun
i I
i |
T
ik
OR RF_{Spectrum
( o ) Optional :—_— Adapter IN |Analyzer
L _BPE

Flgure 6-5. Equipment selup for feld sirenglh measurements.
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With the 2711, you enter the attenuation using the EXTERNAL
ATTEN/AMPL feature from the INPUT Menu, and the antenna
factor, measurement distance, and reference distance using the
DBUV/M SETUP under the REFERENCE LEVEL UNITS of the
INPUT Menu. Note that many commercial antenna suppliers
Include the balun losses in the antenna factor. For the most
accurate results, use an antenna calibrated at the specified
reference distance and perform the measurement at that distance.
It possible, measure the return loss of the antenna to make certain
it is properly tuned to the desired frequency. See Spectrum
Analyzer Fundamentals, Tektronix application note 26W-7037-1,
concerning return loss measurements,

To use the dBuV/m, follow this procedure:
+ Select item 3, REF LEVEL UNIT, from the INPUT Menu.

» Selecl item 8, DBUV/M SETUP, from the REFERENCE
LEVEL UNITS submenu.

« Select item 6, MEASUREMENT DISTANCE, from the
DBUV/M SETUP and enter the distance at which the
measurement will actually be carrled out (default
distance Is 3.0 m). You can enter distances in fest,
meters, kilometers, or miles, but the 2711 converis them to
meters or kilometers befare displaying them.

- Repeatedly select item 7, SAVE RESULTS IN WFMx,
untll the indicated register (A, B, C) is the one In which
you want the resulting measurement to appear. The
waveforms are repeatedly saved, deleted, saved, and so
on until you terminate the dBuV/m mode. At that point, the
last sweep is retained in the selected register.

+ hkem 9, MARKER DISPLAY, controls whether the on-
screen marker amplitude reads out in decibels refative 10 a
microvolt per meter (DBUV/M) or directly in volts per meter
(V/im}. The reference unit does not change; only the
marker amplitude readout changes. Toggle ltem 9 to
select the units you prefer. Table 6-1 also lisls equiva-
lent voltage and decibel values in 4 dB steps. Interpolate
between values if closer results are required.
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Table 6-1. Equlvalent declbel - voltage values,

dBuVim|] 0 4 8 12 18
0 1 158 251 3.98  6.31 microvoit

20 10 158 251 398 63.1 per meter
40 100 158 251 398 631
60 1 158 251 3.98 631 millivolt
B0 10 15.8 25.1 39.8 63.1  per meter
100 1 01 0158 0251 0398 0.631 voit per
120 | 1 158 251 3.98  6.31 meator

« Select the antenna number (1 - 5) which matches the
anienna you are using.

+ Press the [BKSP) key to return to REFERENCE LEVEL
UNITS and select item 5, DBUV/M IN WFM x.

» Press [INPUT] [6] and enter any exlernal galn or
attenuation (skip this step If none Is present). This
number should include the gain or attenuation of any
external amplilier or filler, and the losses of any balun
which are not included In the manufacturers K factor table
for your antenna.

» Connect your antenna and proceed with your measure-
ment. To obtaln a measure of the maximum signal
strength, save the measurement In the A or B register
and select MAX HOLD. Rotate the antenna until the

- maximum reading Is obtalned.

* Turn on the marker and use It to read out the fleld
strength directly in dBuV/m or V/M.

While you are using tha dBuV/m unit, you cannot unsave (clear) the
destination reglster or use the LIN, FM DEMODULATOR, or
EXTERNAL SOURCE features (you also cannot select the dBuV/m
unit while using these features). Attempting to do so will result In
an error message.

If you turn off the destination register while using the dBuV/m, this
message is displayed:

DBUV/M MEASUREMENT MODE IDLE
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The dBuV/m measurement Is not made whils Idling, and you still
cannot unsave the destination register or use the LIN, FM DE-
MODULATOR, or EXTERNAL SOURCE features.

To disable the dBuV/m measurement mode, select any other
refarence unit.

if you are using an antenna for the first time, you mus! create an
antenna table. Upon occasion you may also need to alier an
existing table. Whether creating new antenna tables or changing
old tables, all editing takes place in the *local buffer” or “editing
buffer” using the EDIT ANTENNA TABLE selection from the
DBUV/M SETUP on the INPUT Menu. New antenna data are
written directly to the buffer prior to permanent storage; old data
are loaded into the buffer prior to editing and re-storage. If you
wish to enter new antenna data or change old data, use this
procedure:

» Select DBUV/M SETUP as above and then select ltem
0, EDIT ANTENNA TABLE.

- To create a new anlenna enlry, select ltem 6, AN-
TENNA SETUP. Enter the start, stop, and frequency
steps (INC FREQUENCY) at which measurements wii|
be made. Enter the reference distance. The reference
distance is the distance to which you want the fisld
strength referred. For maximum accuracy your antenna
should be calibrated at the referenca distance, and your
measurement made at that distance. However, if you
require another distance, enter it here. For instances, if you
are making measurements at 10 meters, but want the fisld
strength at 3 meters, then enter 3 meters. Press the
[BKSP] key to return to EDIT ANTENNA TABLE. ltem 0
will continue to indicate EMPTY at the end of the line
because there are still no antenna factors in the focal
buffer.

+ To edlt an old antenna, select ltem 3, LOAD, from the
EDIT ANTENNA TABLE and choose the antenna you
want to edit. If there is already something in the local
buffer, you are given the choice:

W = OVERWRITE LOCAL BUFFER
Z = ABORT
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If you need the data currently in Lhe local bufier, abort
the procedure and store It. Otherwlise, select the W
option. After the antenna is loaded, its name (if it has one)
or number is shown at the end of the first line of EDIT
ANTENNA TABLE indicating that the antenna factors for
that antenna have been loaded into the local butfer.

if you attempt to change the frequencies at which you plan
to use an antenna, whether it is a newly created antenna or
an old one, you must delete the local butfer and start over
as though it is a new antenna. To delete the local buffer,
salect ilem 4, DELETE, from EDIT ANTENNA TABLE
and then select item 6, EDITING BUFFER. Confirm the
deletion by pressing [W] and proceed as though you
are creating a new antenna table.

Afler you have loaded an old anlenna table or estab-
lished the frequency range and calibrallon distance for
a new one, select ltem 0 from EDIT ANTENNA TABLE.
A list of frequencies beginning with the start frequency and
ending with the stop frequency appears. The numbers to
the right of the frequencies are the antenna factors, or K-
factors. When creating antenna tables, the 2711 supplies
default values of zero for lhe K-factors. To begin chang-
Ing the antenna factors, press [W] and enter the
approprlate factor. The asterlsk Indicates which factor |s
to be edited. After you enter a value for a factor, the
astarisk moves to the next frequency. If you do not want
to change the anlenna faclor al the indicated fre-
quency, turn the FREQ/MKRS knob to move the
asterisk to the deslred frequency.

For instance, suppose an antenna manufacturer specifies
the antenna factors for his antenna as:

f K f k f k

............ 55.0 2.7 60.0 3.5
51.0 2.1 56.0 2.9 61.0 3.6
52.0 23 57.0 3.0 62.0 3.8
53.0 2.4 58.0 3.2 63.0 3.9
54.0 2.5 59.0 33 | e

6-19



6-20

2711 User Manual

Then to make measurements from 55 to 60 MHz, the entries in the
antenna table should look like this:

1>  55.000000 : 2.7
2>  56.000000 : 2.9
3>  57.000000 : 3.0
4>  58.000000 : 3.2
5>  59.000000 : 33
6>  60.000000 : 3.5

+ lf you are creating a new antenna table, press [Z] to

exit (return to EDIT ANTENNA TABLE) after the last
eniry has been completed. If you are editing an
existing table, press [W] after your lasl entry. Then
press [Z] to return to EDIT ANTENNA TABLE.

Naming antennas is not required, but names can provide
quick reminders of the purpose of each antenna. To name
an antenna, select item 1, TITLE EDIT. Press [W]to
begin editing. If an old antenna table is being madiied,
its name appears at the upper left with an underscore
cursor baneath the first letter. If the antenna table is new,
only the cursor appears. You can delete the old name
entirely by pressing [Y). [Z] aborts the title editing process
without changes. To change the title, turn the FREQ/
MKRS knob to select letters. Use [MKR =» Jor [MKR +]
to move the cursor back and forth. When the title is
complete, press [X].

To store the antenna data and title, select Item 2,
STORE, and choose any unused antenna number. The
new or modified antenna table will be stored under that
number. lts name is displayed adjacent to the number. If
you do not name the antenna, it is given a name of
ANTENNA #. If all five antenna tables are already in use,
you will have to delete an existing antenna before you can
store the new or modified table. For instance, SUppPOse you
have modified an existing antenna table and wish to store
the moditied version in the place of the original table using
the same antenna name. Even though the name and
location are the same, you must first delete the original
antenna table. Deleting the original antenna from the




2711 User Manual

antenna list does not delete the edited version In the local
buffer. After you delete the original, store the ediled
version in the original location.

* You can print the antenna data if your 2711 is equipped
with an optional communications port and appropriate
printer. To print the antenna data, select ltem 5, PRINT,
from EDIT ANTENNA TABLE and simply choosas the
antenna dala you want to print from the resulting list.

+ The DISPLAY LINE feature ([DSPL] [8]) can be used with
the dBV/m for making vehicular surveys of leakage from
cable TV installations, or in other applications where an
audible alerl is useful whenever a signal amplitude crosses
a preset threshold. To sound a high level alert when-
aver the measured RF flold strength exceeds the
threshold, set the DISPLAY LINE at the desired thresh-
old. See The Display Line and Limit Detector In this
section for complete detalls.

To look for very low amplitude RF energy, you can turn on the
2711's preamplifier. Actual sensitivity depends upon the antenna
used and losses in cabling and coupling to the instrument. With
minimum cable losses and an antenna that matches the 50 Q
Instrument impedance, you should be able to see signals ranging

from about 2 dBuV/m (1.3 pV/m) at 55 MHz 1o 14 dBpV/m
(5 LV/m) at 216 MHz,

If greater sensitivity Is required, three options are possible:

* Provide an external preamplifier.

« Use a higher gain antenna. Senstivity increases directly as
antenna gain.

* lf the signal being measured Is narrow-band, reduce the
resolution bandwidth to the narrowest setting still capable
of passing the signal. For instance, the 3 kHz filter setting
increases sensitivity by 20 dB over the 300 kHz filter.
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100.0MHZ (AUTOSWEEP)  ATTN10DB
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SMHZ RBW (AUTO)  CALIBRATOR _ B
MKR/FREQ

:, With the MKR/FREQ (Marker/Frequency) Menu you can
control the frequency characteristics of the display and
control the markers in ways not available from the front panel,

Setting the Start and Stop Frequencies

Perhaps you would prefer to directly specify the beginning and
ending frequencies of the display rather than lis center frequency
and span. The 2711 enables you to do so. To sat the display
start and stop frequencles, press:

[MKR/FREQ]

From the resulting menu, select item 7, FREQUENCY START/
STOP. A submenu appears enabling you to specify start and stop
frequencies for the spectral display. Choose item 0 and, follow-
ing the prompt, press:

1117 [5] [MHz]

to specily a start frequency of 175 MHz. Note that the Indi-
cated stari frequency has changed. Now choose item 1 and
enter a value of 425 MHz for the stop frequency. Return to the
spectral display by pressing [MKR/FREQ]. The center ire-
quency is 300 MHz and the span is 25 MHz/division, making the
start and stop frequencies 175 MHz and 425 MHz respectively. If
you make the start frequency greater than the stop frequency, the
instrument enters ZERO SPAN mode tuned to the slart frequency.

Using Markers To Set Start and Stop Frequencles

You can also set the start and slop frequencies with the markers.
This method provides a visually intuitive approach to span control,
enabling you to designaie only that portion of the displayed
speclrum which is of particular interest.
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Turn on the marker and place It Just to the left of the calibra-
tlon signal harmonic at 300 MHz. Enter delta-marker mode and
place the actlve marker just to the right of the harmonic at

400 MHz. Select item 6, MARKER START/STOP, from the MKR/
FREQ Menu.

The spectral display reappears and brackets the calibration signal's
third and fourth harmonics. The marker star/stop selection
automatically adjusts the starting frequency of the display and the
span/division so that any signals located between the markers are
displayed, If you are not in delta-marker mode when you select
MARKER START/STOP, the instrument will enter zero span at
the current center or marker frequency.

Now turn off the markers. Notice that the resolutlon band-
width has also changed because RES BW was In AUTO mode.

P ——————

300.0MHZ

(AUTO SWEEP) ATTN 1003“
—20.00BM VF WIDE
50.0MHZ/ 10 DB/
SMHZ RBW (AUTO) CALIBRATOR

e

Transposing Markers

Now suppose you want to measure the difference in frequency
between the peaks at 300 MHz and 500 MHz, and between

500 MHz and 200 MHz. To do so, enter marker mode, and
position the marker on the 300 MHz peak. Enter delta-marker
mode and place the active marker on the 500 MHz peak.

The difference Is 200 MHz. Now choose Item 5, TRANSPOSE
MARKERS, from the MKR/FREQ Menu. Turn the FREQ/MKRS
knob. The movable marker has become the reference and the old
reference is now the movable marker. Move the marker to the
200 MHz peak and note the frequency difference.

Exit from delta-marker mode.
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Changing the Knob Function

6-24

This feature enables you to select one of up to four parameters to
be controlled by the FREQ/MKRS knob. The knob is normally
used to vary the center/start frequency or marker pasition, but if the
Video Monitor (10) and Tracking Generator (04) options are in-
stalled, you can also vary the video line selectlon and TG tracking.

To see how this feature Is used to make precision frequency
dlitference measurements, enter delta-marker mode with both
markers at the callbrator slgnal peak. Next you will measure the
frequency difference between the cal signal and each of its
harmonics, but you could use the same procedure to measure any
serles of signals.

To change the knob functlon, call up the MKR/FREQ Menu and
select item 2, KNOB FUNCTION. The KNOB FUNCTION Menu
appears. Currently, the knob is controlling the markers, as you
would expect in delta-marker mode. Select item 0 from the
KNOB FUNCTION Menu to change to frequency control and
then press [MKR/FREQ] two times. The speciral display
reappears and seems unchanged.

However, watch what happens as you rolate the FREQ/MKRS
knob several clicks clockwise. Notice how the center fre-
quency Increases and the spectrum slides to the left. One
marker remains fixed atop the cal signal peak while the other
remains fixed at center screen. Consequently, the difference
frequency also increases. Conltinue turning the knob until the
sacond harmonic approaches center screen. Press [CTR-
MEAS/TRKG]. The second harmonic is automatically centered.
The amplitude and frequency difference between the fundamental
and the harmonic are displayed at the top of the right column
preceded by D or DG (delta count for the 2711 Option 02). Repeat
this procedure for the third harmonic. Notice that although the
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reference peak (the calibration signal fundamental) is now far off-
screen to the left, you are still accurately measuring the difference
frequency.

You may continue this process all the way 10 1.8 GHz. Try
measuring several harmonics. Exit from this mode by turning
off the markers.

This feature is particutarly useful when you want io measure the
differences between two or more signals so widely separated In
frequency that they do not fit on the screen at the span/division at
which you wish to view them. I you're already using the MKR/
FREQ Menu, item 2 also conveniently turns on marker mode when
it is set to MKR,

Iif you trigger a 2711 that has Option 10 (Video Monitor) with a TV
video sync pulse by choosing KNOB SELECTABLE from the SWP/
TRIG Menu Setup Table, the KNOB FUNCTION Menu offars
another cholice: VIDEO LINE, Selecting VIDEO LINE lets you use
the FREQ/MKRS knob to control which TV line triggers the sweep.
Selecting FREQUENCY or MARKER continues to let you control
the center or marker frequency. This feature enables you to
conveniently switch between frequency and TV line control, This
can be very uselul when viewing mulliple TV channels. You can
select FREQUENCY for changing channels and then to VIDEQ
LINE for choosing the line number, For a complete explanation of
TV LINE trigger mode, see TV Line Triggering later in this section.

If the Tracking Generator option (04) is installed in your 2711 and
turned on, stilt another choice of knob function is possible: TG
TRACKING. The knob now varles the fraquency by which the
tracking generator output frequency differs from the frequency
currently being scanned. This makes it possible to peak the
response of narrow filters and to compensate for the signal delay
encountered when testing long cables (the signal received at the
end of the cable Is delayed and, hence, differs in frequency from
that currently being scanned).
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Moving the Marker To the Next Higher or Lower Peak

The front-panel controls enable you to move the marker to the next
signal peak to ths left or right, but the MKR/FREQ Menu enables
you 1o jump the marker from peak to peak in ascending order of
amplitude, and then jump down again in descending order,

Turn on the single marker and place it In the nolse. Select
ltem 4 from the MKR/FREQ Menu and then press [W]. The
marker is now atop the lowest of the calibration signal harmonics.
Select ltem 4 and press [W] agaln. The marker is now atop the
second lowest peak. Repeat this process untll the marker
reaches the highest peak (the fundamental). After the marker
I8 on the highest peak, select liem 4 and press [X]. Repeal
this process several times and watch the marker jump to
progreasively lower peaks. If you try to jump the marker above
the highest peak or below the lowest, you are told:

NO SIGNAL FOUND ABOVE THRESHOLD

You cannot jump the marker io off-screen signals.

Marker To the Reference Level
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MARKER TO REFERENCE LEVEL is an item on the MKR/FREQ
Manu that can be used to quickly and easily determine signal
amplitudes,

Using any method, (for instance, the MOVE MARKER TO
NEXT PEAK featurs), place the marker atop the signal to be
measured. In this case, use the callbration signal fundamen-
tal. With the marker at the signal peak, press [MRK/FREQ] [3].

The reference level is changed to the signal amplitude. This is a
convenient way to place signals at the reference lavel for making
relative measuremants. It is also a useful method of setting the
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video carrier lo the reference level when using the Video Monitor
option.

When you are finished, turn off the marker.

NOTE

Signal amplitudes are always determined most
accurately when the signalis within one division of
the reference level.

300.0MHZ (AUTO SWEEP) ATTN 10DB
—20.00BM VF WIDE
50.0MHZ/ . 10 DB/
S5MHZ RBW (AUTO) CALIBRATOR

Selecting the Tuning Increment

The tuning increment (amount per click by which the tuning knob
changes frequency) is 0.02 of the span/division. You are now
going 1o learn how this can be changed. Call up the MKR/FREQ
Menu and examine ltem 8. It is a three-way loggle function
indicating the tuning increment is presenlly being automatically
selected. In AUTO mode, the tuning increment is:

Zaro span:
.033 of the resolution BW for 3 kHz and 30 kHz tilters
20 kHz for the 300 kHz filter
200 kHz for the 5 MHz filter

All other spans:

0.02 of the span/division (because of the readout resolu-
tion, this appears as 3 and 4 MHz on alternate clicks of the
knob in MAX SPAN)
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Slowly press [8] three times.

The tuning increment progresses from AUTO to PROGRMD
(programmed) to TABULAR and back to AUTO again. If pro-
grammed uning is selected (see Programmed Tuning later in this
saction), you can specily whether the center frequency, marker
frequency, or keypad entered frequency increment will be used as
the tuning increment. If tabular tuning is-selected (see Tabular
Tuning later in this section), the tuning increment varies according
lo tables of values permanently stored in memory. Tables exist for
standard broadcast and cable TV channel! allocations.

Center or Start Frequency

Next, examine the setup table. Choose item 9 from the MKR/
FREQ Menu.

A secondary menu of five ilems appears. The first item toggles
frequency control between canter and start frequency. When start
frequency is selected, the FREQ/MKRS knob controls the fre-
quency at the left edge of the display rather than the frequency at
the center. Choosa item 0 from the setup table. The spectral
display reappears but the “center frequency” bright spot is now
moved 1o the left edge of the screen and the frequency readout is:

SF 300MHZ

indicating that the start frequency is now 300 MHz. Some users
prefer to run the Instrument in this mode. This feature can be
usetul for viewing sidebands or performing harmonic distortion
measuremenis.

Toggle back to center frequency control by pressing
[MKR/FREQ] [9] [0].

Setting the Signal Threshold

Earlier you discovered there was a threshold below which the 2711
will not automatically detect signal peaks. Normally the instrument
astimates the peak amplitude of the minimum displayed signal
(which usually represents the noise floor) and sets the threshold
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one divislon higher. However, when lhe displayed signal Is
avarywhere greater than the noise, the instrument sets the thresh-
old in proportion to the signal peaks rather than the noise floor.
The threshold is then artificlally high, and may result in other
signals which rise only slightly above the threshold being ignored.
Consequently, item 0 of the MKR/FREQ Menu has been provided
to enable you to set the threshold to a fixed amplitude suitable for
detecting the signals present in your particular application. The
fixed threshold is also useful when you simply want to exclude low-
level signals while Jumping 1he marker between high level peaks.

To sel the threshold, choose llem 0 from the MKR/FREQ Menu
and, following the prompts, enter a value of -45 dBm. Press
[MKR/FREQ] to return to the spectral display. Using elther the
MOVE MARKER selection from the MKR/FREQ Menu or the
marker arrow keys, attempl to move the marker from peak to
peak. It will only jump to the peaks above —45 dBm In amplitude,

Turn off the marker and restore automatic threshold selection
by pressing

[MKR/FREQ] [0] [W]

Then return to the spectral display.

Counter Resolution (Option 02 Only)

When equipped with Option 02, the 2711 enables you to change
the resolution of its built-in counter. It is possible to specily the
resolution as 1 kHz or 1 Hz, or to turn off the counter when Signal
Track mode is in use. Be aware thal this feature only changes the
counter resolution to one Hertz, not the accuracy (see CTR-MEAS/
TRKG in section 5 for a discussion of frequency measurement
accuracies),

Press [MKR/FREQ] [9] [1). Under COUNTER RESOLUTION,
selact ltem 0, COUNTER OFF WHEN TRKG. Press [CTR-
MEAS/TRKG] and notice the counter reads out to 1 Hz. Enter
TRKG mode and note that there is no counter reading.
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Return to COUNTER RESOLUTION and selsct 1 KHZ. Notlce
the counter Is now reading In TRKG mode. When you select
items 1 or 2, the counter reads out to the indicated resolution in
either CTR-MEAS or TRKG. Becausa it takes longer to update the
display when the counter Is reading out, turning it off speeds up the
signal tracking capability.

Select ltem 0 from COUNTER RESOLUTION, and then turn off
the TRKG mode and the markers.

300.0MHZ (AUTO SWEEP) ATTN 10DB
—-20.0DBM VF WIDE
50.0MHZ/ 10 DB/
SMHZ RBW (AUTO) CALIBRATOR
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Programmed Tuning

Next you will experiment with the programmed tuning increments,
Choose ltem 1 from the MKR/FREQ Menu. The PRO-
GRAMMED TUNING INCREMENT Menu appears. Programmed
tuning increments can be designated by the center or start
frequency, the marker or delta-marker frequency, or numeric
keypad entries,

The current center frequency is approximately 300 MHz. To
select the center frequency as the tuning increment, press [0].
The spectral display reappears. Turn the FREQ/MKRS knob ohe
click clockwise. The frequency changed 300 MHz in one click.
That is what you selacted as the tuning increment. Turn the knob
another click. It should be 900 MHz. Now reset the center
frequency to 300 MHz.

Turn on the marker. Position the marker at 150 MHz, Again
select item 1 from the MKR/FREQ Menu. Now choose ltem 1,
which currently reads MARKER FREQ, from the PRO-
GRAMMED TUNING INCREMENT Menu to select the marker
frequency as the iuning Increment. Turn off the marker and
turn the FREQ/MKRS knob one click. The center fraquency
should change to 450 MHz,
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Reset the frequency to approximately 300 MHz. Turn on the
marker and position it on the calibration signal fundamental at
100 MHz. Enter delta-marker mode and place the movable
marker on the second harmonlc at 200 MHz. From the PRO-
GRAMMED TUNING INCREMENT Menu select ltem 1 which
now reads DELTA MKR FREQ. Turn off the markers and turn
the FREQYMKRS knob one click.

The frequency now changes by one harmonic (100 MHz) per click.
When making distortion measurements, this is one way to look at
positions where harmonics should be present. Anytime you require
measurements at multiples of a frequency difference, but do not
want to enter the frequencies, the delta-marker tuning increment
mode provides a quick, convenient method.

Return to the PROGRAMMED TUNING INCREMENT Menu. You
are going to specify a particular tuning increment. Choose Item 3,
KEYPAD ENTRY, and enter a value of 7 MHz. The spectral
display reappears. Turn the FREQ/MKRS knob. The lrequency
changes by 7 MHz per click, a value not otherwise available.
Entering a keypad tuning increment automatically places the 2711
in programmed tuning mode.

You can turn off any programmed increment, including the keypad
entered increment, in two ways. First, toggle item 8 on the MKR/
FREQ Menu to read AUTO. This turns off the keypad value and
restores automatic selection of the tuning increment. Second,
select the programmed tuning Increment from the MKR/FREQ
Menu and choose item 4 (RETURN TO AUTO) from the PRO-
GRAMMED TUNING INCREMENT Menu. This also turns off the
keypad value and restores automatic selection of the tuning
increment.

Turn the keypad Increment back on by selecting PROGRMD
TUNING INC from the MKR/FREQ Menu, and choosing ltem 2,
KEYPAD ENTRD INC.

Now {urn off the keypad selected Increment.
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Tabular Tuning
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Call up the MKR/FREQ Monu Setup Table and select item 2,
TABULAR TUNING TABLES. A table appears offering you a
number of choices. Choose ltem 0 from the TABULAR TUNING
TABLE, and then press the backspace key twlce to return to
the MKR/FREQ Menu. Toggle Item 8 untll:

TABULAR

appears at the end of the line. Press [MKR/FREQ] to return to
the speciral display. Turn the FREQ/MKRS knob one click
counter-clockwise. The frequency Is 87.7 MHz. Turn the knob
three more clicks. The indicated frequencies are 83.2 MHz,

81.7 MHz, and 77.2 MHz. The instrument is stepping through the
visual and aural carrler frequencies of US broadcast TV stations. It
will step through the entire range of VHF and UHF stations. Had
you chosen one of the other items from the TABULAR TUNING
TABLE, the instrument would have stepped through the various TV
assignments specific to those settings. Tabular tuning can be a
great convenience if you work in the video communications
industry.

Restore tuning Increment selection to automaitic.
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Frequency Offsets

The MKR/FREQ Setup Table also enables you to offset the on-
screen center frequency readout. In this mode the center fre-
quency is not actually changed, and the counter readout (Option
02) still indicales the true frequency rather than the oflset value.
This feature is intended to allow the output frequencies of block
down converters (LNB's) used in video communications and other
industries to be correctly indicated. However, it can be used
anytime a signal has been shifted in frequency by a known amount,
and you want to display its frequency prior to shifting.

Suppose the signal to be viewed is the output of a down converter
with a 5.156 GHz local oscillalor. Call up the MKR/FREQ SETUP
TABLE and select Item 3, FRQ OFFSET. Enter an ofiset of
5.15 GHz (Ignore ithe CALIBRATOR DOESN'T MATCH READ-
OUT warning). Notice that the status of item 4, FREQ OFFSET
MODE, changed from OFF to ON PLUS. Select llem 4 several
times. The status of the frequency offset cycles through OFF - ON
PLUS - ON MINUS. Leava the offset set to ON PLUS and return
to the spectral display. The center frequency is now indicated as
5450.0MHZ OFST (300 MHz + 5150 MHz offset),

Press [CTR-MEAS/TRKG]. If your 2711 has a counter, the
counter readout still indicates the true center frequency. Turn on
the marker and turn the MKR/FREQ knob clockwiss. The
marker frequency is also increased by 5.15 GHz.

Return to the MKR/FREQ Selup Table and toggle ltem 4 to ON
MINUS. Return to the speciral display. The center frequency
now reads 4850.0MHZ OFST and the marker reads progressively
lower frequencies as it moves to the right.

The frequency axis appears lo be reversed because the output
frequency of the converter can be represented as:

fag o

'oul=
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Any time the local oscillator in the frequency converter is above the
frequency of the original signal, the output frequencies are re-
versed. That is, the higher the input signal frequency, the lower
the output frequency. This is exactly the procass that occurs in
C-band block down converters. Therefore, you use ON MINUS
when viewing their output. Ku-band converters, on the other hand,
have locai oscillator frequencies below the Input signal frequency,
and you use ON PLUS when viewing their output signals.

300.0MHZ (AUTOSWEEP)  ATTN 10DB
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DSPL

|:I The DSPL (Display) Menu enables you to change the
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appearance of the display screen and the signals presented
onit. From the Display Menu, you can;

* Switch between analog and digital display modes
+ Ensemble average spectra '
- Directly subtract a stored trace from an active trace

* Swilch between MAX/MIN and PEAK signal acquisition
modes

+ Title and label displays and plots
* Turn the graticule lights on and off

+ Change the source of the display from an Internal to an
external signal

* Control an on-screen reference line to simplify amplitude
measurements and establish alarm thresholds,

+ Enable and disable the Min Hold feature
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Changing the Display Mode

You can place the 2711 in analog display mode by turning off all
the display registers using the [A], [B], [C], and [D] keys (see
Display Storage in section 5). However, a more convenient
method when two or more registers are active, is to use item 0 from
the DSPL Menu. ltem 0 is a toggle function that swilches the 2711
between analog and digital display modes.

If the 2711 is in digital display mode, pressing item 0 turns off all
display registers (enters analog display mode).

When in analog mode, pressing item 0 performs one of two actions:

« I analog mode was entered using item 0, then the register
configuration prior o entering analog mode is restored.

- I analog mode was entered by manually turing off all
registers with the [A), [B], [C], and [D] keys, then the last
register turned off is reactivated.

Ensure the C and D display registers are actlve. Save the C
reglster and then change the cenler frequency to 280 MHz so
you can distingulsh the two acllve traces.

Prass [DSPL] [0]. Notice that only the analog signal remalns.

Press [DSPL] [0] agaln. Both the saved C digital display and
the current D digltal display return (the same register configu-
ration that was In use prior lo entering analog mode by
selecting ltem 0).

Turn on the B reglster, and then turn off ali registers in the
order D, C, B. Now press [DSPL] [0]. Notice that the B regls-
ter, the lasi one turned off, Is the only one reactivated.

Reset the center frequency to 300 MHz and turn on only the D
register.
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Ensemble Averaging
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In general, ensemble averaging techniques are used for the same
reason as filters; to enhance the desired-signal-to-unwanted-noise
ratio. Narrow resolution bandwidth or video filters reduce the noise
by reducing the spectrum analyzer's bandwidih. Unfortunately,
they also require slower sweep speeds, and in the cases of broad-
band signals, the filters may limit the signal energy. Forthese
appllcations, you can use ensemble averaging. However, if
ensemble averaging is used with pulsed waveforms without taking
special care to synchronize the Instrument 1o the signal, erroneous
measurements resull. This is because of the way scanning
speclrum analyzers determine the spectrum of pulsed signals.
See Teklronix application note 26W-7037-1, Specirum Analyzer
Fundamentals, for more informalion about pulse measurements.

Ensemble averaging computes the average value of some
parameter (peak, mean, minimum, etc.) of a number of signal
specira. Ifthe nature of the signal does not change during the
period over which the average is compiled, the parameter being
averaged rapidly approaches its mean value. This results in an
enhancement of the signal-to-noise ratio without reducing the
bandwidth or slowing the sweep speed. Ensemble averaging may
be applied to continuous, narrow-band signals as well, but in those
cases video filtering often proves faster and more convenient,

The result of the ensemble average is an estimate of the mean
value of the parameter being averaged. The estimate is also a
random variable. That s, successive estimales, or averages, will
vary from each other In a random fashlon, However, the random
variability is less than that encountered with a single sweep, and
therein lies the advantage of ensemble averaging. The larger the
number of sweeps averaged, the more accurate an estimate of the
spectral characierislic that is obtained.

Call up the DSPL Menu by pressing [DSPL]. Select ltem 1,
ENSEMBLE AVERAGING.

The ENSEMBLE AVERAGING Menu appears. ltems 1 and 2 start
and stop the averaging process. The remaining items specify
which values to average, how many sweaeps to average, and where
1o store the resull,
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It you are going to slore just the one ensemble average, it makes
little difference where you save it. You can use registers A, B, or C,
but you cannot store the average in a register which already
contains data. Register D is not available because it always
contains the current trace. If you plan to use the stored average as
a reference and perhaps intend to subtract it from other specira,
you must store it in register A, Whichever regisler is used, it must
be cleared before you attempt to store new data in it or you'll
receive an error message.

kem 8 of the DSPL Menu is a three-way toggle that switches
between registers in the sequence A, B, C, A.... Ensure that
register A Is clear and then repeatedly press [8] until the last
character on the line Is A.

You can average a fixed number of spectra or choose continuous
averaging. Continuous, or running, averages are used when the
mean value of the signal you are viewing can change slowly with
time, when you want to walch a mean value estimate change in
real time, or when you simply wish to continuously monitor a
process.

i you select a fixed ensemble size, you can average up to 1024
sweeps. The 2711 then compules:

PARAMETER AVG (f) = ':q PARAMETER aweep i(f)
where N Is the number of sweeps to be averaged, f Is frequency,
and the parameter being averaged can be the maximum, minimum,
max/min, or mean of the spectral display. Averaging begins when
item 1 is selected from the ENSEMBLE AVERAGING Menu and
ends when the Nth sweep has been completed. You can also stop
the averaging by selecling item 2 from the menu.

Continuous averaging works differently. Until ten sweeps have
been accumulated, the continuous average looks exactly like the

lixed ensemble average; but alter the Nth sweep the conlinuous
average approaches:

PARAMETER AVG (f) = 0.1 i (.9)™ PARAMETER ayep! (1)
=1
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That is, continuous averaging weights older sweeps so that they
have a progressively smaller effect on the average. Each step
back in time reduces the impact of a sweep to 90 per cent of its
previous value,

The factory defauit setting is a 16-sweep fixed average. You will
change the humber to 24. Choose ltem 7 from the ENSEMBLE
AVERAGING Menu. Enter 24 by pressing [2]) [4) [W]. ltem 7
will update as you press [W).

You are now ready to compils a parameter average. There are
four choices. You have used the max/min display almost exclu-
sively thus far, so begin with this setting. Choose ltem 6, MAX/
MIN, from the ENSEMBLE AVERAGING Menu. To start
averaging, press [1].

The spectral display reappears and both status indicators for
reglster A light. At the bottom of the right-hand readout column the
number of sweeps averaged is displayed. When all 24 sweeps
have been included in the average, the readout stops indicating the
number unless the A register is the only one turned on. Turn the
D reglster on and off several {imes. Most of the sweep-to-swaep
variations in the noise have disappeared.

Now repeat the experiment, this time storing the MAX average in
register B. In this case, only the 256 maximum values of each
max/min sweep are averaged and stored.

Press [DSPL][1] [3] to select MAX. Toggle Item 8 to reglster
B and select Ilem 1 to start the averaging process. Both status
indicators for register B light. The average peak value almost
coincides with the uppar edge of the MAX/MIN average. Turn off
the A register to see the average maximum by Itself.

Turn the A register back on. To store the MIN average in
register C, press [DSPL] [1] [5] [8], and then select ltem 1 from
the ENSEMBLE AVERAGING Menu to start,

Both status Indicators for register C light. Hers, too, the average
minimum coincides closely with the lower edge of the MAX/MIN
average. In computing the average MIN, the 256 minimum points
from each max/min sweep are used.
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To store the MEAN value of the spectrum In register A, press
[DSPL] [1] [4] [8], and then selecl ltem 1 to start. Al the
prompt, press [W] to overwrite the previously stored max/min
average.

The mean value of the noise appears to be half way between the
max and min values. The average MEAN is what you get if you
add successive maximum and minimum values in dB from the
MAX/MIN display, divide by two, and average the results. The
MEAN average is a "visual mean”, not a true mean. As you will see
below, it can be very useful in making weak signals visible.

Turn on the D register to see the current sweep with its visual
mean and average maximum and minimum values superim-
posed. The mean along with the max and min values provide an
estimate of the variability of the signal.

Notice that the signal peak amplitude does not change. Thisis
because the calibration signal is essentially constant (little or no
varfability}, so its min, max, and mean amplitude are alf about the
same. This can be used to advantage. Turn off the A, B,andC
regisiers. Set the reference level to +10 dBm. The calibration
signal's third harmonic Is almost lost in the noise. Now ensemble
average the spectrum MEAN values and store the result in A,
The mean spectrum clearly reveals the focation of the signal peak,
Sometimes you can achieve aven better results using the average
minimum,

Experiment If you like before proceeding, then clear all
reglsters and leave only the D reglster active.
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400.0MHZ (AUTO SWEEP) ATTN toDB
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Subtracting Stored Signals

6-40

The B,C MINUS A feature of the DSPL Menu enables you to
subtract a sweep slored in register A from an active sweep in
registers B or C. Using it, you can flatten a noise spactrum, negate
unwanted signals, and easily detact signal changes. You can
probably find more uses.

Obsarve the current sweep, especlally the zero-frequency and
callbration signat peaks (It should resemble the upper display
In Figure 6-6). In your instrument the noise lioor may rise slightly
with increasing frequency. Perform a 24 sweep MAX/MIN
ensemble average and store the result In A. Wait until the en-
semble is complete. Ensure ltem 3 of the Display Menu reads:

B,C MINUS A OFFSET TO CENTER

if It does not, select ltem 3 once. Then, to activate the B,C
MINUS A mode, press [DSPL] [2]. Turn on the B register and
turn off A and D.

The display now consists of a much-reduced, flattened noise floor
and some intermittent peaks similar to Figure 6-6 (lower display).
The zero-frequency and calibration signal peaks have almost
disappeared. You have subtracted the average max/min spectrum
stored in the A register from the active sweep in the B register (you
can also use the C register), and are displaying the result which
consists only of the sweep-by-sweep variations. The vertical
center of the screen represents zero amplitude difference between
the waveforms,

Waveform subiraction can be used as a sensitive detector of signal
changes. Suppose you were trying to measure a weak signal
which you could turn on and off, in the presence of interfering noise
and signals. You could turn the signal off, compile the ensemble
average and sublract it as above. Then, when you turn the weak
signal back on, it would be revealed bacause it was not part of the
slored average.
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Flgure 6-8. Average slgnal plus noise and average signal-plus-
nolse subtracted from the current sweep.,

Dacrease the reference level 10 dB. The calibration signal
peaks appear. Increase the reference level by 20dB. The
technique works no matter the direction of the signal change.
Reset the reference level 1o -20 dBm and change the center
frequency slightly. Again the calibration signal peaks appear,
Any change from the average, either amplilude or frequency
becomes obvious,
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| cal signal
mcid plus noise.

Flgure 6-7. Average MEAN nolse and MAX HOLD signal-plus-nolse
spectra.

It is possible for the waveform in B to be so much larger than that
in A that the result goes off-screan. Next you will subtract the
average MEAN noise from the MAX HOLD signal-plus-noise to
make a measurement under these conditions. This process
provides a measure of the maximum signal variations about the
mean noise level,

Toggte out of B, C MINUS A mode ([DSPL] [2)). Ensure the
center frequency is set to 400 MHz and the reference level to
-30 dBm. Now turn off the calibrator and store a 24 sweep
MEAN average of the nolse In reglister A (you will need to
overwrlte the display currently stored In register A). After the
average ls complete, turn the callbrator on and activate MAX
HOLD In register B. The resulting traces are shown In Figure 6-7.

Turn off the A register and enter B, C MINUS A mode. The
resulling nolse floor Is approximately two divisions below the
relerence level, but some of the callbratlon signal peaks fold
over and point downward. See Figure 6-8.

Press [DSPL] [3]. The waveform is now near the botiomn of the
screen where you can see it more clearly. You have ofiset the
dilference between the B and A register waveforms, which is
always greater than zero, to the top of the scraen (zero difference
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Note folded-
over signal
peaks at 100,
200, and
300 MHz.

Signal peaks
no longer
folded-over.

Figure 6-9. B, C MINUS A OFFSET TO TOP.

is at the reference level). However, because of the 2711's internal
signal processing, values above the reference level overflow into
lhe sign bit of the data word and appear at the boltom of the
screen. See Figure 6-8. The points labeled A and B in Figures 6-8
and 6-9 have exaclly the same value in each figure.
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Experiment If you wish belore proceeding, and then clear all
registers, turn on register D only, turn off B,C MINUS A, turn
oft MAX HOLD, and resel the B, C MINUS A olfset to cenler.

100.0MHZ (AUTO SWEEP) ATTN 10DB

-20.0DBM VF WIDE
20.0MHZ/ 10 DB/
SMHZ RBW (AUTO)  CALIBRATOR

Changing Acquisition Mode

ltem 4 on the Display Menu toggles between MAX/MIN and PEAK
signal acquisition modes. To change acquisition modes, press
[DSPL] [4). Quickly toggle back and forth between MAX/MIN
and PEAK several times.

The PEAK display is essentially the top of the MAX/MIN display.
The 2711 inherently produces an analog spectrum. in the MAX/
MIN acquisition mode, the maximum and minimum amplitudes of
this spectrum are alternately sampled al 512 successive points.
Plotting the two interleaved sets of 256 points each, produces the
analog-like MAX/MIN spectrum that you see. In the PEAK
acquisition mode, only the maximum amplitude is sampled and
displayed at all 512 points. Which acquisition mode you choose is
up to you, but the max/min mode has the advantage of bearing
some semblance to the analog signal and readily revealing pulsed
versus constant carrier signals — pulsed signals cause the signal
peaks to be "filled in".

For now, leave the display In MAX/MIN mode.

175.0MHZ (AUTO SWEEP) ATIN 10DB

-20.0DBM VF WIDE

20.0MHZ/ 10 DB/
SMHZ RBW (AUTO) CALIBRATOR
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Adding Titles and Labels

Suppose you want to permanently store a spectral display, either
by photographing the screen or by plotiing the display. It would be
useful to title the display — and you can. If you are plotting the
display, you can also label significant points.

Ensure that only the D reglster Is active, and press

[DSPL] [5]. Item 2 reads TITLE MODE EDIT if one or more
registers contaln a current sweep {as now) or TITLE MODE EDIT
WFM x if only saved data are displayed (saving a waveform also
saves ils title).

In either case, the title to be edited is always associated with the
highest priority displayed waveform (see Reglster Priority in
section 5). This means, for instance, that to create a tille for the B
wavelorm, the C and D registers must be turned off. Or to edit the
title of a saved waveform in the C register, all registers containing a
current sweep must be turned off. Aithough you can edit the title of
a saved waveform for display or plotting, only the originally saved
wavelorm litle is retained. You can circumvent this restriction by
saving the wavelorm and its new title as part of a stored settings
group (see Saving and Recalling Settings and Dispilays iater In
this section). The edited title is then retained as part of the newly
saved settings/waveform, and you can delete the original if desired.

When performing a screen plot, the title being edited Is attached to
the highest priority waveform (even if it has a previously saved
litle). However, if titled, lower-priority, saved waveforms exist, their
litles are correctly attached to them.

The title can be up 1o 31 characters on a single line, and you can
only tille one display at a time, When title mode is turned on, the
left-hand readouts move down one row to accommodate the title,
even if the title field is blank. This is also a convenient way 1o
position the readouts lower on the screen if you wish. Select item
2 and press [W] o begin editing. If the display is already titled,
ils title appears at the upper left with an underscore cursor beneath
the first letter. If the display is untitled, just the cursor appears.

To edit a titls, use the FREQ/MKRS knob to sequentially select
characters. Alphanumeric characters appear above the cursor as
the knob is turned. Move the cursor left or right with the [MKR +]
and {MKR =] keys. Delete the entlre title by pressing [Y).
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As an example, create a new title TEST123. Rotate the knob
untli the letter T appears. Move the cursor one place to the
right by preasing [MKR = ]. Rotate the knob untll E appears.
Continue this process untll you have spelled TEST.

You can enter numbers and advance the cursor automatically
without rotating the knob by using the numeric keypad. Press [1)
[2] [3] to complete the title.

Now modify the title. When you are done, press [X] to store
the result in the display title buffer. You may exit from the title
edit mode without saving the new or madified title by pressing [Z].

To make the title visible on screen oron a plot, toggle item 1,
TITLE MODE, of the Title Mode Menu to ON. Toggle item 1 again
10 furn oft the title. Leave the title on, and return to the spectral
display. Your title appears in the upper left corner of the screen.

At this point, the title is associated with the highest priority wave-
form. You will permanently attach it to waveform C. Save the title
In waveform C by pressing [SAVE ENABLE] [C). Now delete
the lille from the display tlile buffer by pressing [DSPL] {5] [2]
[W] Y], and then return to the speciral display. The titis Is
gone, but the readouts are displaced downward one line because
TITLE MODE is still enabled. Now turn off the D register and
turn on C. The title returns and has become part of the saved
wavalorm in C. The title will vanish from the screen if any register
is turnad on which contains a current sweep, but will remain in stor-
age register C until waveform C Is cleared ([SAVE ENABLE] [C)).

Now select item 4, PLOT LABELING EDIT. Editing plot labels
works the same as title editing except that the cursor can be
moved vertically using any of the {+] or [+ ] arrow keys.

Press [W] to begin editing. Move the cursor one division to
the right of center screen and two divisions down from the
reference level. Enter the characters:

2ND HARMONIC

Then move the cursor to the peak at the lsft of the screen and
label It:

FUNDAMENTAL
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Figure 6-10. 2711 plot with tiile and plot labels,

The labels denote the calibrator signal and its second harmonic.
Press [X] to store the label(s). Pressing [Z] exits from the
procedure without any changes.

To make labels appear on your plot, select tem 3 from the
TITLE MODE Menu. ltem 3 is a toggle which turns the labels on
and off. Press [DSPL] to return to the spectral display.

NOTE

Labels only appear on the hard copy device, not on screen.

Ses Figure 6-10 for an example of the plot with labels, and
then turn off the title and plot labsls.

Turning Graticule lllumination On and Off

ltem 6 on the DSPL Menu is a simple toggle that turns the graticule
illumination on and off. Press [DSPL] [6] several times to see
the graticule lllumination change state.
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Displaying an External Source

ltem 7, DISPLAY SOURCE, in the DSPL Menu enables you to
substitute an external low pass signal for the normally displayed
spectrum. The signal must be input to the instrument on pin 1 of
the rear panel accessory connector J103, and must be in the range
of 0 - 1.4 volts with a 3 dB bandwidth not greater than 50 kHz.
DISPLAY STORAGE, VERT SCALE 10/5/1, SWEEP RATE, and
some VID FLTR selections (10 Hz, 1 kHz, 10 kHz, 100 kHz)
remain aclive, and can be used 10 process the external signal.
Refer to the accessory connector discussion for additional details.

300.0MHZ (AUTOSWEEP)  ATTN 10DB
—20.0DBM VF WIDE
50.0MHZ/ 10 DB/

S5MHZ RBW (AUTO) CALIBRATOR

The Display Line and Limit Detector
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The 2711 provides a convenient method to determine whether a
signal peak is higher or lower than some particular level, or
whether it falls within a specified range. The DISPLAY LINE
feature displays a horizontal line at the level you specify. You can
visually compare signal amplitudes to the line, or set the 2711 to
alarm audibly if a signal crosses the line.

To see the DISPLAY LINE feature In action, press
[DSPL] (8], and select ltem 2, VALUE ENTRY. Enter
-50 dBm by pressing [5] [0] [Z).

The 2711 reverts automalically to the spectral display which now
contains a horizontal line three divisions down (-50 dBm). Notice
the A register's red LED is lit. When the display line is on, you
cannot display the contents of the A register. Data stored in A are
not destroyed, but you cannot see them until you turn off the line.

Thare is another way to set the level of the fine. Turn on the
marker and set It at the peak of the callbratlon signal’s third
harmonlc. Press [DSPL] [8] again and select ltem 3, DISPLAY
LINE TO MARKER. The spectral display reappears with a
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horizontal line at the marker position. This provides a conve-
nient way to identily all signals greater or less than another
signal. If the marker is not turned on when item 3 is selected,
you receive an error message.

Press [DSPL] [8] agaln and select Item 4, LIMIT DETECTOR.
The end-of-line status indicator changes to OVER,; the display
line has been made an upper limit. If an on-screen signal goes
over the limit, the audio alarm sounds.

Press [DSPL] to return to the spectral display. The alarm
should be sounding. When the limit detector and the display line
are both selected, the marker automatically turns on and moves
{o the highest signal peak on screen. This feature enables you
to quickly read the amplitude of the largest signal after the atarm
alerts you that the limit has been exceeded.

Enter a new value of -25 dBm for the display line; the alarm
should stop because all signals are now below the limit.
Press [DSPL] {8] and agaln select ltem 4.

The status indicator changes to UNDER. The display line has
now changed to a lower limit, The alarm will sound when all
signals on screen are under the limit. Press [DSPL] to return
lo the spectral display. The alarm should be sounding.

Select the LIMIT DETECTOR once again. The status indicator
changes to OVER-UNDER. The display line becomes an upper
limit and the threshold set using [MKR/FREQ] [0} becomes a
lower limit.

Press [DSPL] to return to the spectral display. The limits are
indicaled by the broken horizontal line. If signals are within the
limits, no alarm sounds. The alarm will sound if all signals fall
below the lower limit or if one signal exceeds the upper limit.

The limit detecling features are very useful for go/no-go or yes/
no type tests. Thay are especially useful for doing vehicular
leakage surveys of cable television facilities. Set the display line
to the desired number of dBuV/m, and when the alarm sounds,
note the location and magnitude {using the marker readout) of
the leak for later investigation and correction.
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Further, the display line/limit detector feature converts the user-
definable command “WAIT FOR END OF SWEEP” 10 a "WAIT
FOR LIMIT" command (see USER DEF at the end of this section).
This is a convenient way to halt the execution of a user-defined
routine until the alarm condition has been satisfied.

If you change the reference level while using the display line/limit
detector feature, the line changes position on screen to track the
new reference level. Press [4] next to [REF LEVEL] to observe
this. However, the line can not be moved off screen. Press [+1
until the line reaches the top of the screen. You will receive the
message

DISPLAY LINE OUT OF RANGE
Lower the line and the message will disappear.
Now turn off the limit detector by selecting LIMIT DETECTOR

one more time, and turn off the line by toggling item 1 from
the DISPLAY LINE Menu.

400.0MHZ (AUTO SWEEP) ATTN 0DB |
-40.0DBM VF WIDE
20.0MHZ/ 10 DB

SMHZ RBW (AUTO)  CALIBRATOR

Actlvating Minimum Hold
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Here is an easy way to determine the approximate upper and lower
bounds on a spectrum by using the MiN HOLD and MAX HOLD
features. While MAX HOLD is accessible by dedicated key, MIN
HOLD can be accessed only from the Display Menu,

Call up the DSPL Menu and select ltem 9. You will be offered a
choice of storage registers for the result of the MIN HOLD process.
Press [W] to simultansously start the MIN HOLD process and
select the A register for the result (prassing {X] or [Y] would
select the B or C register, respeclively, for the result).
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This feature Is similar to the MAX HOLD function. Minimum hold
compares the amplilude of the current sweep with the stored
minimum value of previous sweeps. If the current amplitude is
less, the current value becomes the new stored minimum.

Now press [MAX HOLD] [B] to accumulate the maximum
spectrum amplitude In register B. With the A, B, and D registers
displayed, you have an upper and lower bound on the real-time
signal In D. As time passes, you will notice that the upper and
lower bounds no longer change, because the probability of new
random spectral peaks exceeding those already observed be-
comes very small.

Turn off the minimum hold feature by selecting item 9 agaln;
selecting MIN HOLD when It Is already on toggles the fealure
off. Clear and turn off the A and B reglsters and the MAXIMUM
HOLD fealure.

—

100.0MHZ (AUTOSWEEP)  ATTN10DB
~30.0DBM | VF 30KHZ
100.0KHZ/ 10 DB/

30KHZ RBW (AUTO)  CALIBRATOR '

APPL

I: The Applications (APPL) Menu automates some routine, but
often time-consuming, speclral measurements. It enables you
to quickly determine:

+ Signal bandwidths
* Normalized noise amplitudes
» Carrler-to-noise ratios
+ Occupied bandwidth
* FM deviation
* And search for signals in a specified frequency range
Most of the items on this menu are toggles which turn the indicated

measurement mode on and off. However, you can specify certain
measurement parameters using item 9, SETUP TABLE. Because
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several of the measurement modes make use of the markers, you
can also exit from those modes by turning off the markers.

One of the items {SIGNAL SEARCH) enables the 2711 to auto-
malically detect and catalog any signals within a specified fre-
quency range and above a threshold which you designate. The
signal amplitudes and frequencies are measured, and the results
can be displayed on screen or sent to a printer.

Measuring Signal Bandwidths

6-52

The 2711 measures signal bandwidth by detecting the signal peak,
and then finding the frequency points on the signal speactrum which
are a designated number of dB down from the peak. You specify
the number of dB using the APPL Menu Setup Table. The
difference between the frequency points is the bandwidth. Opti-
mum resolution is obtained by spreading the signal across as large
a portion of the screen as possible {resolution is essentially plus or
minus one screen location or 1/512 of the total span in PEAK
acquisition mode).

To see how to measure signal bandwlidths, first change the
resolution BW to 300 kHz. This provides a wide trace that is
equal to the width of the resolution bandwidth filter.

Press [APPL]. Item 0 indicales BANDWIDTH MODE @ -3 DBC.
This means that by selecting this item, the 2711 will measure the
bandwidih of a displayed signal at points 3 dB down from its peak
amplitude.

Suppose you wish to measure the bandwidlh at another point. To
change the number of dBs down from the peak at which the
bandwidth Is measured, select ltem 9, SETUP TABLE, from the
APPL Menu. Choose Iltem 0 from the Setup Table and,
{ollowing the prompl, enter a value of -6 dB by pressing

[6] [Z].

To Impltement BANDWIDTH MODE, press the backspace key
to return to the Application Menu. Then select item 0.
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The 2711 returns automatically to the spectral display after you

prass [0]. The delta markers have been activated and bracket the

calibration signal peak. If the signal peak is not centered, the 2711
_____ selects the peak nearest center screen.

The first two items in the right on-screen column read:

BW 300KHz
@ -6DBC

You are moasuring the bandwidth of the resolution bandwidth filter.
The indicated bandwidth may not measure exactly 300 kHz; it wil
vary slightly.

Change the span to 10 kHz/dlvision and the resolution band-
width to 30 KHZ. The bandwidth should now read roughly 30 kHz.

The 2711 remains in bandwidth moda until you call up the APPL
Menu and turn it off, make an alternate selection, or the markers
are turned off. Press [APPL] [0] to turn off BANDWIDTH mode.

100.0MHZ (AUTOSWEEP)  ATTN 10DB
~30.0DBM VF WIDE
20.0MHZ/ 10 DB/
5MHZ RBW (AUTO)

Measuring Average Nolse

ltem 2 of the APPL Menu causes the 2711 to measure the average
noise at the marker location and normalize it to a specified band-
width. The default bandwidth is 1 Hz, bul you can change it to suit
your application. If you are in the CATV business (in the USA), you
will probably use 4 MHz. For now, you will change it to 5 MHz to
obtain an approximation of the instrument’s noise floor.

Press [APPL] and then select llem 8 from the Applications
Menu. Choose ltem 2, NOISE NORM'D BW, from the Setup
Table. Enter a value of 5 MHz and return to the APPL Menu by
pressing [BKSP]. Choose ltem 2, NOISE NORM'D.
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The speciral display reappears and the marker Is turned on. The
first two ltems in the right on-screen column read:

N-83.0DBM
@ 5.0MHZ

Your reading may vary slightly. The reading is the instrument's
average internal noise in a § MHz bandwidih at the marker
frequency. You will also receive the warning:

NOISE LEVEL LESS THAN 2DB

This is because the instrument recognizes when the noise it Is
measuring approaches its own noise floor. It knows that external
signals too close to the internal noise value cannot be measured
accurately.

Ensure that your Instrument is In MAYX/MIN display mode, and
using the FREQ/MKRS knob, positlon the marker at the
bottom of the displayed nolse. Nofice that the noise ampll-
tude readout does not change significantly.

The noise amplitude appears to be about — but not exactly — half
way between the max and min values of the spectral display. The
2711 does not compute the arithmetic mean of the min and max
values using decibels (that yields an incorrect answer). Rather, the
2711 measures the average noise amplitude between sweeps.
The display does not change, but you may notice a pause while
the Instrument carries out the noise measuring algorithm. First, the
instrument measures the average noise power in ZERO SPAN
using a narrow bandwidth video filier (see a better approximation
of the average noise by pressing [VID FLTRY]). It then corrects
the measured value for the difference between average and RMS
iniplitudes. More corrections are added for the effacts of log
amplification, and to account for the equivalent nolse bandwidth of
the resolution bandwidth filter, which does not measure precisely

5 MHz. The resulting noise is then normalized to the specified
bandwidth.

Turn off the markers and the video fllter.
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Measuring Carrier-To-Noise Ratios

To demonstrate the carrier-to-noise (C/N) ratio feature of the 2711
you will measure the calibrator-to-instrument-noise-floor ratlo In a
5 MHz bandwidth. In actual applicatlons, you are more likely lo
measure a carrier peak-to-system noise ratio, but the technique is
the same.

Turn on the callbrator. Then call up the Application Menu, and
select the Setup Table. Choose Item 1, NORM BW FOR C/N,
and agaln enter 5 MHz for the nolse bandwldth for the carrler-
to-nolse (C/N) measurement. Return to the Application Menu
and selecl ilem 1 to turn on the C/N feature.

The spactral display appears with the fixed marker on the 100 MHz
signal peak (the 2711 places the fixed marker on the signal peak
nearest the center of the screen in C/N mode). The moveable
marker appears 1 division from the left screen edge.

Reposltion the moveable marker 50 MHz above the signal.

NOTE

The moveable marker s initially positioned only to clearly
separate it from the fixed marker. You must place the
noise marker at the frequency where you want the noise
measured.

The first two items in the right on-screen column read:

C/N 63.0DB
@ 5.0MHZ

Your instrument’s reading may vary slightly. You will also receive
the “NOISE LEVEL LESS THAN 2DB" warning thal was discussed
in the previous section.

The G/N reading Is the ratio of the signal power at the fixed

marker's position to the average noise power at the movable
marker position. The noise reading is corrected as indicated in the
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normalized noise measurament section. Since the noise lavel you
measured earlier was about ~93 dBm and the signal peak is
-30 dBm, the ratio should be approximately 63 dB.

The preamplifier discussed in the INPUT Menu section of this
chapter can be very Important when making noise or C/N measure-
ments in broad-band networks. For instance, in the U.S., good
cable television operating practice requires that the video signal be
at least 0 dBmV while picture quality requires the noise to be about
45 dB lower, or about —-45 dBmV in a 4 MHz band. Change the
reference units to DBMV and reset the nolse bandwidth to

4 MHz. Select NOISE NORM'D and notice the measured nolse
Is about —42 dBmV. It we were to connect the 2711 to a cable
television tap with a 0 dBmV video signal and a 45 dB C/N, you
would be unable to measure the noise or C/N because the cable
noise (—45 dBmV In this example) is below the normal instrument
noise floor,

Using the INPUT Menu, turn off the callbrator, turn on the
preamplifier, and set the RF altenuation to zero. Nolice the
Instrument nolse floor has been reduced by over 12 dB 10
about -55 dBmV, making it possible to measure both nolse
and C/N on our hypothetical cable.

Turn off the preamp and nolse measurement mode.

Reset the Instrument to the factory default powaer-up settings.

NOTE

Ifthe 2711 is in PEAK acquisition mode, it reverts to MAX/
MIN mode whenever the normalized noise or carrier-to-
noise features are activated. You can return it to PEAK
mode by pressing [DSPL] [4].
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000.0MHZ (AUTOSWEEP)  ATTN 50DB
20.0DBM VF WIDE
180MHZ/MAX 10 DB/
SMHZ RBW(AUTO)

Searching For Signals

The 2711 provides a signal search feature that enables you to
detect signal peaks over a wide frequency range while still using a
narrow span and/or resolution bandwldth, The instrument
sequentially implements a series of searches using the marker
peak find capabilily, and the span and resolution bandwidth that
you specify using the SIGNAL SEARCH Menu. Each search range
is equal to 10 times the specilied span/div, but each search range
except the first overlaps the previous range by one division. The
first search starts at the beginning frequency and the last stops at,
or overtaps, the end frequency as indicated in Figure 6-11,
Although the last search range may overlap the end frequency, no
slgnals are reported above the end frequency. A verlfication
process looks al the entire range twice and reports only those
signals which are preseni both times.

To see how SIGNAL SEARCH works, turn on the calibrator and
set the following Instrument controls:

SPAN/DIV 5.0MHz
RESOLUTION BW 300.0KHZ
REFERENCE LEVEL -20.0DBM
VIDEO FILTER 300.0KHZ

You will search the frequency range from 55 to 550 MHz. Press
[APPL], and select ltem 3, SIGNAL SEARCH MENU. Choose
ltem 0, BEGIN FREQ, and enter 55 MHz. Then choose tem 1,
END FREQ, and enter 550 MHz. The frequency and amplitude of
all signals within the specified frequency range that are below the
reference level but above the threshold are stored. The threshold
is normally set by the 2711 at about one division above the lowest
signal peaks (usually nolse), but you can reset it manually if desired
via [MKR/FREQ] [0). See Setting the Signal Threshold in this
section for details.
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-+ Total Search Range b
1st 2nd iast-1 last
search search search search
range range range range
fIwgln fond
10xSPAN/ 10xSPAN/
Div - -~ DIV
10xSPAN/ 10xSPAN/
Div Div
Note the SPAN/DIV overlap of each search range.

Figure 6-11. The SIGNAL SEARCH frequency range.

Start the search by selecting item 2, START TEST. You will see
the measurement parameters change, and the message:

SIGNAL SEARCH IN PROCESS

is displayed while the search is occurring. You will also notice the
center frequency change as each search range is completed.
When the search is complete, the message disappears and the
instrument s reset 1o Iis original measurement parameters,

Press [UTIL] [4] [2], and then press [0] untll the status Indica-
tor reads CRT (thls feature Is explalned In the UTIL discusslon
later In this seclion). Press [UTIL] again, and then select the
SIGNAL SEARCH MENU from the APPL Menu. Notice that the
number of signals detected Is displayed at the end of item 3,
DISPLAY RESULTS. Select Item 3.

The SIGNAL SEARCH RESULTS table appears. Five signals are
listed (the calibration signal fundamentat and its first four harmon-
ics). The amplitude and frequency of each are indicated.

Return 1o the spectral display by pressing [APPL].
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100.0MHZ (AUTO SWEEP) ATTN 10DB
—20.0DBM VF 300KHZ
1.0MHZ/ 10 DB/
300KHZ RBW (AUTO)

Measuring Occupled Bandwidths (OBW)

Measuring occupied bandwidths is similar to measuring signal
bandwidths, except that the 2711 determines the bandwidth that
contains 1% of the signal's energy rather than the bandwidth
enclosed by the x dB down points.

To determine the occupled bandwidth, the 2711 first sums the
signal power in all 512 frequency points along the displayed
speclrum, ignoting any contributions more than 40 dB below the
signal peak. This is the total displayed signal power, P, ltthen
sums the power in the frequency points starting at the left-hand
edge of the screen until the accumulated power equals or exceeds:

1 n
Py x2(1_ 750/

P, = total signal power
n = percenlage of signal power within the
occupied BW

It then performs a similar calculation starting at the right-hand
screen edge. Thal is, it finds the frequency points, both above and
below tha signal, beyond which half the power outside the occupied
BW resides. The frequency difference between the upper and
lower points is the n% occupied bandwildth,

For instance, if you specily the 90% occupled bandwidih, the 2711
first computes the total signal power, and then sums the signal
power in the points starting at the left-hand edge until it accumu-
lates 5% of the total (the percent signal power outside the occupied
BW is (100% — 90%) = 10%, and hall of it is below, and half above,
the occupied BW). See Figure 6-12,

If the accumulated power does not precisely equal half the power
outside the occupied BW (the usual case), the 2711 linearly
interpolates between frequency points to arrive at better frequency
estimates,
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5% Power 90% Power 5% Power
s I I_ —

f, = fy= 90% ocuppied BW

Figure 8-12, lllustralion of Occupled BW measurement.

Remember that the OCCUPIED BW mode always works on the
digitally sampled signal. Therefors, different results can be
obtained in PEAK and MAX/MIN modes unless video filtering Is
used to minimize post-detection noise.

You can demonstrate OCCUPIED BW mode with the calibration
signal, but it is more interesting to use a broadcast signal.

Ensure the callbrator is turned off and connect a short
antenna or CATV tap to the instrument Input as outlined In
Appendix A. Adjust the reference level until you can see
individual FM broadcast or TV sound carrier signal peaks and
then tune the Instrument until a strong signal Is centered.
Your display might resembls Figure 6-13.

Press [BKSP] to return to the APPL Menu, and choose ltlem 4,
OCCUPIED BW. The spectral display reappears with both
markers active. Set the span to 50 kHz/dlv, and center the
slgnal if necessary.

The right-hand data column will display a reading simiiar to this

OBW 57.36KHZ
@ 80%
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Broadcast FM Statlons

ATTN 1008

100.30HHZ [
-2a.a08

Figure 6-13. Portlon of U.S. broadcast FM band.

Because the siQnal varies considerably from sweep to sweep, the
markers Jump around the screen and you will not get a consistent
OCCUPIED BW reading.

Acllvate MAX HOLD In register B and turn off reglster D.
Remember, the markers are present only on the highest priority
waveform. In a short ime a broad spactral peak develops, and the
OCCUPIED BW reading begins to settle to a constant value.
Figure 6-14 shows a typical MAX HOLD waveform from an FM
stereo broadcast. The relatively sharp skirts near +70 kHz denote
the upper and lower limits of frequency deviation.

To obtain best frequency accuracy when making OCCUPIED BW
measurements, as with signal bandwldth measurements, use small
spans/division (spread the signal over as much of the screen as
possible) subject 1o the following limitations:

* The signal spectrum at the edges of the screen should be
down at least 40 dB from its peak.

« The signal peak should be at least 40 dB greater than the
displayed noise.
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Markers Denote Occupled BW

138 298MHZ ’ 0BYW 143KuZ
=le. Q0N '} T e sau:
39 .@KHZ ' 10 pB~
JeKHZ RBW!f | ¢ ' - :

= __,__.}_ = __|_

Figure 6-14, OCCUPIED BW mode with MAX HOLD.

+ The resolution bandwidih filter must be 1/5 or less of the
OCCUPIED BW. A resolution bandwidth filter that is too
wide will artificially broaden the OCCUPIED BW.

* Only vertical scales of 5 or 10 dB/div can be used.

* There should be no signal on screen except the desired
signal. Other signals, Including the zero Hertz spur, will
contribute some inaccuracy.

For optimum amplitude accuracy, keep the signal peak near the
reference level.

Expsriment if you wish, and then iurn off OCCUPIED BW
mode, MAX HOLD A & B, and roglsler B. OCCUPIED BW mode
can be turned off by again pressing ([APPL] [4]), ot by turning off
all display registers.

Turn reglster D back on.
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100.0MHZ (AUTO SWEEP) ATTN 10DB
—-20.0DBM VF 300KHZ
1.0MHZ/ 10 DB/
300KHZ RBW (AUTO)

Viewing Instantaneous Frequency Devlation

Normally, the display on the 2711 represents the input signal after ft
has been AM-detected. The result is a spectral display of signal
power vs. frequency. Howaever, by selecting FM DEVIATION
MODE, you can view Instantaneous frequency variations vs. time.

You nead a frequency modulated signal to demonstrate this mode,
Ensure the callbrator Is turned off, and connect a short
antenna or CATV tap to the Instrument input as outlined in
Appendix A. AdJust the reference level untll you can see
Individual FM broadcast or TV sound carrler signal peaks and
then tune the Instrument untll a strong signal Is centered.
Your display might resemble Figure 6-13 from the Meastiring
Occupled Bandwidths discussion.

Change the span to 100 kHz/div. Press [APPL] and select Item
7, FM DEVIATION, from the APPL Meonu.

The 2711 revents to a waveform display mode in zero span. The
bottom line of the right column reads:

FM 10 KHZ/

indicating that FM demodulation is now being used, and that the
vertical scale factor has changed to 10 kHz/division — the vertical
axis now measures frequency deviation,

The sweep being displayed should resemble the upper trace in
Figure 6-15. It is an approximate indication of the instantaneous
frequency deviation.

The vertical scale can be changed in a 10-5-1 kHz/ division
sequence. Cycle through the frequency devlatlon scales by
repeatedly pressing [10/5/1].
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Figure 6-15. Inslantaneous frequency devlalion and maximum
observed devlation.

To check the maximum devialion, sat the vertical scale to

10 kHz/dlvislon, and using the DSPL Menu, select MIN HOLD
IN WFM A. Let the data accumulate for 2-3 minutes. A ragged
horizontal waveform develops indicating the maximum frequency
excursions during the observation period.

To dispiay the frequency devlation with the marker, turn the
marker on and leave only the A reglsier actlve. Move the
marker to the point where you want the measurement.

NOTE

Because of the FM demodulator bandwidth, the modulat-
ing signal used in deviation mode should consist of
normal program malterial or a single tone in the audio
frequency range.

The foregoing technique provides a rough indication of unidirec-
tional frequency deviation. The carrier frequency is at the refer-
ence level, and a downward excursion represents a deviation
below the carrier. if the FM specirum is symmetrical, the peak to
peak deviation is twice the unidirectional amount. In the example
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of Figure 6-15, seven divisions equals 70 kHz (at 10 kHz/div, and
lhe peak to peak deviation is approximately 140 kHz.

To see the deviation in both directions, try the MAX HOLD
tachnique outlined in Measuring Occupled Bandwidths, For
extremely accurate devialion measurements, the Bessel Null
approach should be used. See Spectrum Analyzer
Fundamentals, Tektronix application note 26W-7037-1.

100.0MHZ (AUTO SWEEP) ATTN 50DB
~20.00BM VF 300KHZ
1.0MHZ/ 10 DB/
300KHZ RBW (AUTO)

DEMOD

TG
I:I The Demodulator/Tracking Generator (DEMOD/TG) Menu
provides means of listening to AM or FM modulation on
the signals being analyzed, aclivating Video Monitor mode
(Option 10), and controlling the buift-in Tracking Generator
(Option 04).

Listening to FM Transmissions

Listening to signats often helps to identify the source: A built-in
speaker is provided, but if higher fidelity is needed, or you are using
the 2711 in a noisy location, headphones can be used. A 1/8"
miniature phone jack is located near the front of the right side of the
instrument. Stereo decoding is not supported.

To expseriment with the FM demodulator, connact an antenna
or cable to the 2711 as outllned In Appendix A. Change the
signal helght and center frequency untll you see signal peaks
In the 88 10108 MHz FM broadcast band (If you do not have
broadcast FM In your area, you can lune to a TV stations’
audlo carrler). Set the center frequency to colnclde with one
of the peaks and press:

[DEMOD/TG]
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The DEMOD/TG Menu appears. Select tem 2, FM DEMODULA-
TOR. The LED adjacent to FM VOL on the front panel lights, the
spectral display reappears, and you may hear the instrument
sweeping. If you hear nothing, turn the outer barrei of the
LEVEL control. Turning clockwise increases the volume. Press
[ZERO SPAN] to hear what Is belng transmitted by the station.
Leave the Instrument In zero span, and tune it as you would a
radlo recelver, using the FREQ/MKRS knob. The signal level
rises as you tune-in stations and falls to the noise floor when no
station Is present.

When finished, turn off the FM demodulator by selecting Item
0, OFF, from the DEMOD/TG Menu and press [ZERO SPAN] to
relurn to the normal spectral display.

Listening to AM Transmisslons

To listen to AM transmissions, connect an antenna o the 2711
as outlined in Appendix A. The antenna will probably need to be
much longer than for FM, Set the center frequency to 1 MHz,
span to 10 kHz/dIvislon, sweep and resolution bandwidth 1o
AUTO, and calibrator off. Increase the signal helght untll you
can see signal peaks In the 500 kHz - 1.6 MHz area (this is the
medlum-wave broadcast band). Change the center frequency
untll one of the peaks is centered. Press [DEMOD/T G], and
selact ltem 1, AM DEMODULATOR. The LED adjacent to AM
VOL on the front panel lights, and the spectral display reappears.
Press [ZERO SPAN] and adjust the LEVEL control as neaded.
You will hear what is being transmitted by the station.

Leave the Instrument In zero span, and use the FREQ/MKRS
knob to tune other statlons. When finished, turn off the AM
demodulator by selecting llem 0, OFF from the DEMOD/TG
Menu.

Listening to FM or AM Transmissions
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To hear AM and FM slations, select AM DEMODULATOR and FM
DEMODULATOR simultaneously (both AM VOL and FM VOL
LEDs will light). This approach is convenient if you do not know
whether the signal is AM or FM, or for simply finding audio modu-
lated signals and then switching on only the AM or FM demadula-
tor to determine which type of modulation is being used.
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100.0MHZ (AUTOSWEEP)  ATTN10DB
-20.0DBM VF 300KHZ
1.0MHZ/ 10 DB/
300KHZ RBW (AUTO)
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Video Demodulation (Option 10 Only)

The video demodulator (Option 10) enables you to view broadcast
or satellite video transmissions. This is useful for identifying
signals, and determining the nature of interfersnce.

Call up the DEMOD/TG Menu. ltem 3 is an on/off toggle which
may indicale BROADCAST (AM) VIDEO or SATELLITE (FM)
VIDEO, depending upon the mode that was last selected. The
BROADCAST mode Is used for off-air or cable TV signals; SATEL-
LITE is used, for example, when viewing FM video signals at the
output of a block down converter (LNB). In the following example
we will use the AM monitor mode to view an off-air or cable TV
signal, but remember that SATELLITE can be very useful when
identifying transponder signals. First, some cautions:

* The cartier-to-noise ratio (C/N) must be sufficiently large -
at least 30 dB in a 4 MHz bandwidth in BROADCAST mode
(10 dB in a 30 MHz bandwidth in SATELLITE mode), but it
is possible to get a poor quality display at slightly lower
C/N ratios.

* You will not be able to satistactorily monitor “scrambled” or
sync-less signals in either modae.

* The video carrier In either mode should be placed at the
reference level for satisfactory operation.

* Energy dispersal dithering is genarally not a problem in
SATELLITE mode.

To continue with the example, select ltem 9, VIDEO SETUP
TABLE, from the DEMOD/TG Menu. Toggle ltem 0 of the Setup
Table to BROADCAST mode. Then toggle ltems 1 and 2 to the
proper polarilies. If you don't know the polarlty, set SYNC
POLARITY to POSITIVE and VIDEO POLARITY to NEGATIVE.
Thesae are the standards for normal U.S. broadcast television. You
can change them later to accommodate other standards if the video
Is inverted or sync cannot be achieved.
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Figure 6-16. 2711 screen In video monlior mode.

Return to the spectral display. Connect an antenna or cable
drop to the Instrument as outlined In Appendix A and tune to a
strong video carrler (choose an unscrambied channel).

Adjust the reference level until the signal peak Is at the top
Hine. The signal level is very Important for propar performance !,
and must also be well above the noise floor.

Call up the Demod/TG Menu and choose Item 3, BROADCAST

. (AM) VIDEO. ATV picture appears almost immediately. When
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item 3 is activated, the 2711 presets a number of measurement
parameters in order to generate a TV picture. You may be able to
obtain a sfightly better picture by changing some sellings. Vary
the referencs level (use the 1 dB step slze) and experiment
with the INTENSITY control to obtain optimum contrast. Use
the inner knob of the LEVEL control to change vertical size
and obtaln a flicker-free display. Use the SWEEP arrow keys
to change horizontal size.

Figure 6-16 shows a typical 2711 monitor mode display with an
adequate C/N ratio. The ability to view a TV piciure is useful not
only for station identification, but also to observe interfering signals
and modulation problems.

! This can be convenlently done by placing the marker atop the video
carrler and selecling lleam 3, MARKER TO REFERENCE LEVEL, from the
MKR/FREQ Menu.
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Turn off the video monitor by toggling item 3 of the DEMODY
TG Menu to OFF. When the monitor is disabled, the seltings used
prior to entering monitor mode are restored; any changes made
while using the video monitor are forgotten.

Relnltialize your Instrument (press [UTIL] [1] [1]).

900.0MHZ (AUTOSWEEP)  ATTN 50DB
20.0DBM VF WIDE
180MHZ/MAX 10 DB/
5MHZ RBW (AUTO)

Using the Tracking Generator (Option 04 Only)

A Tracking Generator (TG) is a powerful tool for measuring the
frequency response of a variely of active and passive devices. For
examples, see Spactrum Analyzer Fundamentals, Tektronix
publication 26W-7037-1.

The 2711's bullt-in tracking generator {Option 04} Is an RF sine
wave signal source whose output frequency follows, or tracks, the
frequency currently being analyzed by the 2711. For example, if
the 2711 Is currently sweeping from 55 MHz to 300 MHz, the outpul
frequency of the TG also sweeps from 55 MHz to 300 MHz in
synchronism with the instrument. However, it is possible to offset
the TG slightly (typically -5 kHz to +60 kHz) with respect to the
2711 frequency to account for clrcuit drift or signal delays in
propagalting through the device under test.

The TG amplitude can be varied in 0.1 dB steps from —48 dBm to

0 dBm (or the equivalent in the other reference level units). It Is
also possible to vary the TG oulput amplitude over a range of about
12 dB relative 1o ils designated amplitude using the front-panel
LEVEL control.

The tracking generator is a powarful tool for all types of swept
frequency measurements. You can determine the frequency
response of filters, crystals, amplifiers, cables, modulators, and
most other 2-port devices. Because the tracking generator is built
into the 2711, no other instrumentation is required in many cases.
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Flgure 6-17. Equipment setup for tracking generator measurement of
50 () devices.

Figure 6-17 shows how simple the setup can be. Howevar, if you
are tasting a broad-band device thal doss not have a 50 Q input
and outpul, it may be necessary to insert matching networks
belween the TG output/ device input and the device output/2711
input. Provision is made in both the INPUT Menu and the
DEMOD/TG Menu to account for attenuation {or amplification) of
external networks. -

The status of all TG parameters and controls is stored when power
lo the 2711 s turned off. The condition of the TG will be the same
after the power to the 2711 is turned back on that is was before
power was turned off. The status of the parameters is also
retained when the TG is turned off from the DEMOD/TG Menu. To
ensure that you begin thls discussion with known seltings, -
press:

[umL] 1] 1]

This recalls the factory default power-up seltings, turns off the TG,
and sets its parameters to their default values.
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Turning the Tracking Generator On and Off
Call up the DEMOD/TG Menu by pressing:

[DEMOD/TG]

ltem 4, TRACKING GENERATOR, is a toggle that turns the TG on
and off. Its current status is indicated at the end of the line. Press
[4] to toggle the TG to ON. The LED above the TG output lights
indicating the TG [s active and the screen reverts fo the spectral
display. At the lower left of the screen the TG oulput amplitude is
displayed (the delaull is —48.0 dBm) In the current reference level
units. Press [DEMOD/TG] and toggle Item 4 agalin to turn the
TG to OFF.

Normalizing the Tracking Generator

The TG is normalized by determining the VCO voltage needed to
center its output signal in the 3 kHz resolution bandwidth filter at
100 MHz. Its output amplitude at 100 MHz s then measurad by the
2711 and properly adjusted as it is stepped through its entire range.

To ensure maximum accuracy when making TG measurements,
the TG must first be normalized. Bacause TG normalizations
depend on the 2711 reference, the instrument normalizations must
be valid to achieve optimum results. See Normalizing The 2711
and Service Normalizations in this section.

To normalize the TG, ensure the instrument Is in spectral display
mode and press:

[UTL] 3]

Then select Item 3, TRACKING GENERATOR ONLY, from the
NORMALIZATIONS Menu.,

NOTE

The ALL PARAMETERS selection from the NORMAL-
IZATION Menu refers only to 2711 parameters, not the
tracking generator.
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Following the on-screen prompt, connect a cable between the
TG output and the 2711 Input, and press [W]. Usually, in about
two minutes, a NORMALIZATION COMPLETE message will
appear on screen. If you receive a NORMALIZATION FAILED
message, repeat the normalization. If it cannot be completed
salisfactorily, contact your Tektronix representative.

If any of the 2711’s reference normalizations are missing or faulty,
you will receive this message:

** ONE OR MORE REFERENCE NORMALIZATIONS HAS NOT
BEEN PERFORMED.

** FOR OPTIMUM ACCURACY, REFERENCE NORMALIZA-
TIONS MUST BE DONE

** CONSULT MANUAL FOR PROCEDURE

PRESS “W" TO CONTINUE
PRESS “Z” TO ABORT

It you have facllitles to carry out the reference normalizations
{see Service Normalizations In this sectlon), abort this pro-
cess and perform the reference normaiizatlons before con-
tinuing. Otherwlse, press {W] to continue. A recently normai-
ized instrument is more accurate than one that has not been
normalized, even if the references are not been normalized.

TG normalization is not continuously monitored by the 2711. To
avoid inaccuracles due to temperature differentials, long-term drift,
or other causes, we recommend that you periodically normalize the
TG during long measurement sessions, or readjust the tracking to
keep narrow resolution bandwidth flters properly aligned.

In some 2711s, the peak of the 5 MHz resolution bandwidth filter
does not occur precisely at the center of its bandpass. This can
result in small amplitude differences when switching from the

5 MHz filter to narrower filters. Relative responses using the

5 MHz filter are not affected. To determine the amount of error (if
any), make a TG measurement using first the 5 MHz filter and then
the 300 kHz filter (the 300 kHz filter Is symmetric about its peak
response). Note the dilference and correct any absolute power
measurements that you make with the 5 MHz filter by that amount.
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Setting the Tracking Generator Amplitude

In many cases, you will wish to increase the —48 dBm TG output
level. For instance, when using the 5§ MHz resolution bandwidih
filter, a —48 dBm signal is hidden In the instrument noise floor.

To reset the output amplitude, call up the DEMOD/TG Menu
and select ltem 5, TG FIXED LEVEL. Following the on-screen
prompts, enter a new value of 10,0 dBm, and then press
[DEMOD/TG] to return to the spectral display. Notlce that the
new amplitude value Is now shown at the lower lelt of the
screen.

Ensure a cable Is connected from the TG oulput to the 2711
Input. Activate the video fiter and reset the reference level to
+10dBm.

The combined TG/2711 frequency rasponse across the 2711's
entire input frequency range Is displayed. You may find that the
flainess of the response varies slightly as you change the TG
output level. This Is normal and within specification. However, any
variation in flatness can be removed like this:

* Establish the test parameters Including center frequency,
span, resolution bandwidih, reference level, and TG output.

* Connect the TG oulput lo the 2711 input, and save the
resulting sweep in the A reglster.

* Insett the device to be testad.

» Conduct all measurements in the B,C MINUS A mode.
This approach subiracts out the varlations in combined TG/
2711 response leaving only the response of the device.

Turn on the A register, and then save the display by pressing
[A] [SAVE ENABLE] [A]. Cali up the DEMOD/TG Menu agaln,
and this time select item 6, TG VARIABLE LEVEL. This is an
ON/OFF toggle that enables you to vary the TG output amplilude
from -2 dB 1o plus several dB relative to the fixed amplitude
specified by item 5,
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Return to the speciral display by pressing [DEMOD/TG).
Notice the Indicated TG output level is now followed by an
asterisk (*). This Indicates that TG variable level is enabled.

Rotate the LEVEL control (outer knob) all the way counter-
clockwise. The D-register sweep should drop approximately 2 dB
below the sweep saved in register A. Rotate the LEVEL control
fully clockwise. The D swaep should rise several dB above the A
sweep. Note that the Indicated TG output amplitude has not
changed; the TG output level Is not callbrated when TG
VARIABLE LEVEL |s ON.

When the variable level control is set above the fixed level, it is
possible to slightly compress the TG output signal, which may
cause some degradation of the second harmonic specification.
This is normally not a problem with passive linear devices, but can
result in some Intermodulation preducts with non-linear compo-
nents, and spurious radiation from active devices such as modula-
lors or transmiiters, To avoid these problems, we suggest that you
use the TG lixed level and instrument reference level controls to
move signals vertically on the screen, rather than using the
variable level feature.

Now clear the A reglster and toggle the TG VARIABLE LEVEL
to OFF.

Ad|usting the Tracking
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The TG tracking is the amount by which the TG output frequency is
offset from the frequency currently being analyzed by the 2711.
The tracking can typically be adjusted from ~5 kHz to +60 kHz. For
most measurements, the tracking is not turned on (tracking =

0 Hz). However, when making measurements with a very narrow
resolution bandwidth filter (3 kHz filter), or when the device under
test creates a significant delay between its input and output ports
{a long cable), it is necessary to adjust the tracking to ensure the
TG signal is centered In the instrument resolution bandwidth filter.

To see how the tracking adjustment works, first set the center
frequency and span as {ollows:
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Center Frequency 100 MHZ
Span 10 KHZ/dIv

The 3 kHz resolution bandwidth Is automatically selected, and
the display is a single horizontal line at about ~10 dBm.

Save the display In reglster A. Turn on TG tracking by
pressing:

[DEMOD/TG] [7]

and return to the spectral display. I is unchanged except for
the message TRKG OHZ at the lower right of the screen.

Turn the FREQ/MKRS knob several ciicks In elther direction.
The indicated tracking should change by about 30 Hz per click,
but nothing else happens. Continue turning the knob untll the
D-register sweep decreases 6 dB relative to the A sweep.

. Now turn the knob In the opposite direction until the D
sweep again decreases 6 dB. The indicated tracking should
change polarity. Whal you have done Is to offset the TG output
to the 6 dB down polnts of the 3 kHz resolution bandwidth filter.

Whenever you make measurements with the 3 kHz filter, always
peak the response with the tracking control 10 ensure you are
measuring the maximum signal. Further, whenever you use the
3 kHz fitter to test a device that imposes a significant group delay
on the received signal (such as a long cable), vary the tracking
lo ensure the instrument is correctly peaked. Because the TG
signal is delayed, it lags behind the 2711 frequency by an
amount that depends on the sweep rate and the group delay.

Unsave (clear) the A register and select the 3 kHz filter.
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Using External Amplification/Attenuation With the TG
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It is possible to insert another device such as an impedance
matching network, attenuator, or amplifier between the TG output
and the device under test. You can account for the gain or
attenuation (and impedance change) introduced by the device.
The altered output level appears on screen. This feature is a
valuable aid whether recording data photographically, with a
printer/plotter, or via the GPIB.

For instance, you may want to drive the device under est with a
+10 dBm signal. You can do this by selling the TG output to

-10 dBm and Inserting a +20 dB amplifier belween the TG and the
device under test. In another case, you may wish to drive the TG
at full output (0 dBm) but insert an external impedance matching
pad to produce a better SWR.

To account for external amplification or atlenuation press:
[DEMOD/TG] [8] [1]

and enter the approprliate value following the on-screen
prompts. The TG EXT ATTEN/AMPL shows the value entered
and TG FIXED LEVEL changes to Include the offset. Note that
entering a non-zero value automatically iurns on the ampll-
tude offset feature, while a value of zero automatically turns It
off. You can aiso toggle the offset on and off using [DEMOD/
TG] [8] [0). Return to the spectral dispiay. The on-screen TG
output level has changed 1o show the offset value and is followad
by OFST to indicate the amplitude has been externally altered.

Suppose you wish to use the TG and 2711 with a device that has a
75 Q input and output, and the desired reference level unit is the
dBmV. To carry out a measurement:

« Insert a matching minimum loss pad such as the
optlonal accessory (P/N 131-4199-00) avallable for the
2711 Into the TG output and the 2711 input.

« Call up the INPUT Menu and select DBMV
([INPUT] [3] [1]). Notice that the TG outpul level units
as well as the reference unlts change.
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Agaln call up the INPUT Menu and enter -7.5 dB to account
for the external attenuation/impedance change of the
minimum loss pad on the 2711 Input ([INPUT]) [6] [1] and
follow the prompis).

Calt up the DEMOD/TG Menu and enter -4.0 dB to account
for the external attenuation/impedance change of the pad
on the TG output (IDEMOD/ TG] [8] [1] and follow the
Prompts). The value Is different because the Impadance
change I3 in the opposite direction. Return to the speciral
display. TG output level should Indicate 33.0DBMV.

To verlfy your setup, connect the iwo pads togelher with a
short cable. Set the center frequency to 100 MHz, the span
to 1 MH2/dlv, and turn on a marker. Change the reference
tevel until the sweep Is within one divislon of the top
graticule line. The measured amplilude should agree wlth
the Indlcated TG output to within a fraction of a dB.

Set the TG output to the required level, and the 2711
parameters to those desired for the measurement. Adjust
the reference level as needed to get the sweep to the top of
the screen, and then save the sweep In the A reglster. (For
amplitiers It Is best to adjust the reference level so the
sweep s below the top to the screen.)

Now connect the output of the pad on the TG to the Input
of the device under test, and the device output to the Input

of the pad on the 2711 Input. Carry outl your measurement
In the B,C MINUS A mode.
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Flgure 8-18. Bandpass fliter response using the 2711 optional
tracking generator and B,C MINUS A mode.

A Practical Example
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Figure 6-18 shows the frequency response of a passive bandpass
filter near its resonant frequency (105 MHz). To obtain the display,
the TG output was first connected directly to the 2711 input. The
sweep at the top of the figure was obtained and saved in the A
register. It represents the combined TG/2711 response over the
displayed frequency span. The bandpass filter was then substj-
luted for the device under test in Figure 6-17, and the instyument
placed in B,C MINUS A mode. This approach subtracts the
measured instrumentation response (the A sweep) from the
combined filter/instrumentation response to obtain the true filler
response in the B register. The instrument was set as indicated by
the on-screen readouts. Notice that the bandwidth fealure ((APPL]
[0}) is also enabled.,
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UTIL
|:| The Utility (UTIL) Menu provides access to system configura-
tion and initialization features, front-panel settings and wave-
form storage facilities, instrument normalization and diagnos-
tics, and other miscellaneous functions. Some of the selections
within the UTIL Menu and its sub-menus are only used by service
personnel. Therefore, not all selections are discussed here.

You have already used the UTIL Menu to restore the factory
default power-up settings. Do It again now by pressing:

[UTIL] 1] [1]
| 900.0MHZ (AUTOSWEEP)  ATTN 50DB
20.0DBM | VF WIDE
180MHZ/ MAX 10 DB/
SMHZ RBW (AUTO)

Menu-Entered Control Settings

Although the instrument controls are most conveniently activated or
set using the dedicated front-panel controls, the UTIL Menu
provides a method of setting all the major control functions from a
single sub-menu. This feature is especially useful when you are
sefting up a new measurement, and know ahead of time how the
Instrument Is 1o be configured. In the following example, you are
going to use the Utility Menu to set the center frequency, reference
level, and span. You may also set the resolution bandwidth, video
filter, vertical scale, and sweep rate from this menu.

Turn on the callbrator, and then press [UTIL) [2] to select the
KEYPAD ENTERED SETTINGS from the UTIL Menu. This item
enables you to set instrument conlrols to specific values from a
single menu without having to use the front-panel controls.

Select item 0, FREQUENCY, from the KEYPAD ENTERED
SETTINGS Menu. Following the prompt, enter a value of
100.000 MHz for the center frequency. The KEYPAD ENTERED
SETTINGS Menu shows the frequency to three decimal places,
whereas the on-screen readout displays the specified frequency
from zero 1o four decimal places depending on the span. Both
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values are truncated figures, but the 2711 still controls the fre-
quency to the nearest Herz specified. The number of decimal
places in the on-screen readout is commensurate with the screen
resolution at the selected span.

You can also enter decimal values for the reference level and
span. Selecl ltems 1 and 2 and enter values of -22.28 dBm
and 22.6832 MHz/dIvIsion, respectively. The instrument rounds
and stores the reference level to one decimal place (0.1 dB). The
span is rounded and stored to three decimal places, but in the
spectral display both the relerence level and span are shown
rounded to one ptace.

Leave the remalining parameters sst as they are, but note the
following:

* RF attenuation can be set to AUTO (the defautt), or fixed
from 0 to 50 dB in 2 dB steps.

* The resolution bandwidih can be set to AUTO (the default),
3 kHz, 30 kHz, 300 kHz, or 5 MHz. If you enter ancther
value, the 2711 wlll convert it to the nearest available
value,

* This menu provides the only method of manuatly sefling
the video filter bandwidth. The video filter bandwidth can
be set to AUTO (1/100 of the resolution bandwidth in
normal mode) or fixed from 3 Hz to 300 kHz ina 1-3
sequence (3 Hz, 10 Hz,...100 kHz, 300 kHz). Other values
are converted to the nearest permissible values,

* Selecting item 8, VERTICAL SCALE, calls up another
menu which enables you to select any of the normal values
of 10 dB/division, 5 dBrdivision, 1 dB/division, or Linear.

+ Sweep rate can be set from 1 microsecond/division to
2 second/division in a 1-2-5 sequence, Other values will
be converled to the nearest permissible valus. Rates
faster than 100 microsecond/division can be used only with
analog displays (display storage turned off).

Press [UTIL} to return to the spectral display and view the
screen you have created.

Return to the KEYPAD ENTERED SETTINGS Menu and enter a
span/div of 20 MHz and a reference level of -20 dBm. Restore
the specitral display by pressing [UTIL].
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Saving and Recalling Settings and Displays

The 2711 enables you to save and recall up to 36 sets of control
seftings and any saved displays that accompany them. These are
in addition to the factory default power-up settings that are perma-
nently stored in the instrument. The 2711 also automatically saves
the settings/displays in use (in location 0) when it is powered down,
You can manually save up to 35 additional sefting/display groups,
and designate one group as the power-up setlings.

A general word of caution; the 2711 will not allow you to destroy a
currently saved display. If you attempt to recall settings (with or
without corresponding displays), you will receive this message:

CANNOT OVERWRITE SAVED DISPLAY

The settings will be recalled along with any displays saved in
registers that are not currently saved, but currently saved registers
will not be overwritten. To recall a previously saved display, first
unsave (clear) its destination register.

Recalling Last Power-Down Settings

Turn off the instrument and then turn It on again. You will now
recall the power-down settings from memory.

Call up the UTIL Menu and salect llem 1, STORED SETTINGS/
DISPLAYS. Choose Item 0, LAST POWER-DOWN, from the
secondary menu that appears. The settings that were in effect

the last time power to the 2711 was turned off are immediately
recalled.
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100.0MHZ (AUTO SWEEP) ATTN10DB
-20.0DBM VF WIDE

20.0MHZ/ 10 DB/
5MHZ RBW (AUTO)  CALIBRATOR

e e e—— e —rm—

Throughout this manual you have used the preceding LAST
POWER DOWN parameters for many of your experiments. Now
you will make them the power-up parameters.

Cali up the UTIL Menu and select item 1, STORED SETTINGS/
DISPLAYS. From the secondary menu that appears, select
item 2, USER DEFINED POWER-UP. Following the prompt,
press [X] to store the current seltings. You are warned if other
setlings are already stored as the user-defined power-up. In that
case, delete the old settings by prassing [Y], and then [W]to
conlirm the deletion. Then store the current seltings.

Turn the Instrument’s power off and back on. During the
standby period, the factory default power-up settings are displayed
but immediately afterwards the settings you just stored are
automatically implemented.

¥

At power-up the 2711 restores the user-defined power-up settings,
if they exist, following the standby period. If they do not exist, it
uses the factory default settings. If the user-defined power-up
settings Include a narrow span, the NORMALIZATION SUG-
GESTED message may appear. The message should disappear
following warm-up, as soon as you use a conirol,

Randomly change the measurement parameters, then re-
inltiatize the 2711 by pressing:

[UTIL MENU] [0]

This does one of two things. if user-defined power-up setlings
have been stored, they are implemented. If not, most controls are
resel to the factory defaults (but a few are resel to thaeir last power-
down condition — see Appendix C).
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Other User-Defined Settings

Each of the remaining items on the STORED SETTINGS/DIS-
PLAYS Menu can be used exaclly as you used USER DEFINED
POWER-UP SETTINGS. The diference Is that they are not
automatically implemented at power-up, or by the initialization
selection. Instead, they must be recalled from the STORED
SETTINGS/DISPLAYS Menu.

Turn on the calibrator, change the frequency to 90 MHz, and
the reference ievel to —10 dBm. Save a 16 sweep ensemblo
mean In reglsier A, and save the max hold values In B. Turn
off the callbrator. Call up the UTIL Menu and select STORED
SETTINGS/DISPLAYS. Notice that settings 3-8 are blank?2, and
item 9 Indicales MORE.

There are 34 fields (in addition to last power-down and user-
defined power-up) contained on four menu pages In which you can
save stored seftings and displays. Advance to page 4 by repeat-
edly pressing [9]. Return to the {irst page by pressing [BKSP]
three times. The register locations currenlly being displayed are
indicated at the top right of each page (R00 - R08, R10 - R18, R20
- R28, R30 - R39).

Store the settings you entered earller in the register 3 location
by pressing [3] [X] (if there is a setling already present, delete it or
use another location).

Unsave (clear) the A and B reglsters, and turn them off. (If you
do not, you receive the CANNOT OVERWRITE SAVED DISPLAY
message when you try to recall settings.) Disable MAX HOLD.

21t your Instrument has been used previously, you may find that some or
all of the ltems already contaln saved setlings and displays.
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Reinltlalize the 2711 to your user-defined power-up settings
([UTIL] [0]). Now press [UTIL] [1]. item 3 reads:

AB 90MHZ —10DBM 20MHZ

This message shows the primary instrument control settings that
are saved in that location and tells you that waveforms in registers
A and B are saved along with the setlings.

Press [3] [W]. The conlrol settings and the saved waveforms are
both restored. Whenever you save settings (including LAST
POWER-DOWN and USER DEFINED POWER-UP), you also
store the contents of digital storage registers A, B, and C. This
means you can store up to 108 waveforms as well as 36 groups of
setlings (actual numbers depend on what else, such as user-
defined programs, Is being stored). Furthermore, this information
is saved even after the power is turned off. With this feature you
may record waveforms in the field and bring them back to the lab
for further analysis or permanent recording — or store reference
waveforms in the lab for comparison in the field.

You can also store seftings and waveforms by title. Using the
DSPL Menu, create a title for the current display (see Adding
Titles and Labels in this seciion). Name It MY SETTINGS.
Turn on title mode and return to the speciral display. Press:

[UTIL] [1] [4] [X]

This saves the settings under item 4 of the STORED SETTINGS/
DISPLAYS Menu. Again press [UTIL) [1). kem four on the menu
is now MY SETTINGS. The settings are recalled like any othar,
but the title often indicates what the settings are used for.
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Any control settings can be used

e e———————————————————
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Normalizing the 2711

Normalization is a set of procedures contained in ROM which
calculate gain and frequency characteristics of the circuits in the
2711 based on the built-in 100 MHz, ~30 dBm calibration signal.
The characteristics must be accurately known to correctly scale

and display the analyzed signal, and to control the optlonal tracking
generalor. The normalization values are stored In non-volatile
memory (NVRAM). Later you will learn how external signals can
be used to achieve even greater measurement accuracy — or to
normalize the reference if NVRAM should ever be lost (see Service
Normalizations later in this section).

If the self-test feature detects that the present Instrument gain or
frequency characleristics differ significantly from those determined
during the previous normalization, it displays: '

NORMALIZATION SUGGESTED

at mid-screen. When this message appears, you should then
perform a normalization, although the Instrument remalins usable
for “rough” measurements. The NORMALIZATION SUGGESTED
message may also appear while the instrument is warming up,
aspecially if the user-defined power-up setlings include a narrow
span. This is normal. Under these conditions you need not
perform a normalization unless the message petsists beyond the
warm up period. Any time you require the utmost accuracy, we
recommend a normalization flirst. Normalization may be required
lor any of these reasons:

« Circuit or component variation with time (drift)

+ Large temperature diflerence from that at which previous
normalization was carried out

* Non-Volatile Memory (NVRAM) is lost for any reason
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Always perform the normalizations in environments, especially
temperatures, similar to those in which the subsequent
measurements will be carried out. Remove all input signals from
the instrument before performing amplitude or frequency
normalizations. Although we racommend that you wait a full 15
minutes after power-up before making measurements with the
2711 (it is within tolerance by then), it is possible 10 make them
shortly after power-up. If you must make measurements immadi-
ately after the instrument is turned on and the NORMALIZATION
SUGGESTED message s on-screen, then carry out a normal-
izatlon directly. Note, hawevar, that if you do so, the instrument
may require normalization again after it is fully warmed up.

Call up the UTIL Menu and select item 3, NORMALIZATIONS.
The NORMALIZATIONS Menu enables you to normalize the
amplitude parameters (AMPLITUDE ONLY), the frequency
parameters (FREQUENCY ONLY), or both (ALL PARAMETERS).
it takes longer for amplitude normalization than for frequency
normalization, and several minutes for both, To ensure the 2711 is
measuring amplitude and frequency as accurately as possible, we
recommend that you routinely select ALL PARAMETERS.

NOTE

If Oplion 04 (Tracking Generator) is installed, another
choice, TRACKING GENERATOR ONLY, is also offered.
See Normalizing the Tracking Generator. The ALL
PARAMETERS selaction does not normalize the TG,

To continue with the amplitude and frequency hormalization,
ensure that all signals are disconnected from the 2711 Input.
Then select Iltem 0, ALL. PARAMETERS.

Typically, you wilt see a number of changing waveforms and
messages on-screen telling you which normalizations are being
carried out. However, it NVRAM is ever lost, the factory reference
normalizations are lost with it {see the If You Lose NVRAM in this
section). Then, regardiess of which normalizations you are
carrying out, you will receive this message:
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** ONE OR MORE REFERENCE NORMALIZATIONS HAS NOT
BEEN PERFORMED.

** FOR OPTIMUM ACCURACY, REFERENCE
NORMALIZATIONS MUST BE DONE

** CONSULT MANUAL FOR PROCEDURE
PRESS “W"” TO CONTINUE

PRESS “Z"” TO ABORT

if you have faclillles to carry out the reference normaiizations
(ses Service Normalizations In this section), abort this process
and perform the reference normalizations before continuing.
Otherwise, press [W] to conlinue. A recently normalized
instrument is more accurate than an unnormalized one, even if the
references have not been normalized.

The normalization process executes without further operator
intervention. When It s complete, a tone sounds (if the audio alert
Is enabled — see The Audlo Alertlater in this section) and thls
message appears:

NORMALIZATION COMPLETE

If you receive a message that either frequency or amplitude
normalization failed, iry the procedure again, In case of repeated
failures contact your Tektronix Service Center. The spactral
display reappears automatically upon complation of normalization.

System Conflguration

Call up the UTIL Menu and select ilem 4, SYSTEM
CONFIGURATION. The SYSTEM CONFIGURATION Menu
presents nine choices. Each selection is described here.
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Conflguring the Communicatlons Port (Option 03 or 08 Only)
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When either Option 03 (GPIB) or Option 08 (RS-232) is installed,
the 2711 is equippad with a digital communications port for use
with an external instrument controller, or a printer/plotter. The
RS-232 port Is modem-compatible, and makes possible remote
instrument operation via telephone lines. Port connectors are
located on the rear panel. See section 7.

The 2711 Programmer Manual contains addilional information
about setting up and configuring the 2711 for remote or automated
operations and complete explanations of the commands that are
used.

Select ltem 0 from the SYSTEM CONFIGURATION Menu. The
COMMUNICATION PORT CONFIG Menu appears.

if the GPIB port is Installed the menu lists:
0 GPiB OFF LINE/ADDR #

If the port is currently active, its GPIB address (0-30) is displayed
at the end of the line. Otherwise, the line ends with OFF LINE.

i the RS-232 port is installed, the menu lists:
2 RS-232 OFF LINE/BAUD RATE

f the port is currently active, its baud rate is displayed at the end of
the line (for example, 9600). Otherwise, the line ends with OFF
LINE.

GPIB Confliguration — To configure the 2711 for GPIB opera-
tion, select ltem 0, GPIB, on the COMMUNICATION PORT
CONFIG Menu. The GPIB PORT CONFIGURATION Menu
appears.

ltem 0 enables you to 1oggle the GPIB por on and off line. The
port must be on line to communicate with any other device.
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ltem 1 specifies the primary address of the 2711 (secondary
addresses are not supported), which can be any value from 0 o 30.
When the 2711 is used with a system controller, the value must
match that used to configure the conlroller. The address 0 is
usually reserved for the controller itsell. When the 2711 is used in
the TALK ONLY mode with a plotter, any address can be used.
The address you set Is read immediately by the Instrument and
retained in NVRAM until you change it.

item 2 determines whether the 2711 generates a service request
(SRQ) at power up. Because there is normally no need for a SRQ
at power up, the default setting of item 2, POWER ON SRQ, is
OFF. However, in some cases you may want to sense that power
has been turned on before continuing your test, For those cases
you can toggle the POWER ON SRQ to ON by pressing [2].

ftem 3, EOILF MODE, sets the end-of-message designator. When
a message is transmitted over the GPIB, the Instrument sending
the message signifles 1o other inslruments on the bus (including the
sysiem controller) that the message has been completed. This can
be done in two ways.

» The interface management line named End Or Identify
(EOI) is asserted (brought to its low state) simultaneously
with the last data byte that is transmitted.

* The ASCII codes for carriage return (CR) and line feed (LF)
are appended to the message. EOI is still assorted
simultaneously with the transmission of LF.

All Tektronix instruments and conlroliers use EOI. You should,
therefore toggle item 3 untit the end of the line indicates EQL. The
EOVLF MODE option is included for controllers which do not use
the EOI signa! line. The option selected is retained in NVRAM until
you change it.

llem 4, TALK ONLY MODE, must be set to OFF when the Spec-
trum Analyzer is used with a controller, because the controller
determines whether the instrument is talking or listening. If you
normally use the instrument with a controller, set the TALK ONLY
MODE to OFF,
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Howaever, to send 2711 screen plot data direclly to a GPIB plotter
without a controller, set the TALK ONLY MODE to ON and
disconnect all instruments except the 2711 and the plotter from the
bus. Place the plotter in the listen only mode (usually done with
controls on the plotter). With the talk only and listen only modes
selected, you can send screen data from the 2711 to the plotier by
pressing [PLOT].

RS-232 Configuration — To configure the 2711 for RS-232
operation, select item 2, RS-232, on the COMMUNICATION
PORT CONFIG Menu. The RS-232 PORT CONFIGURATION
Menu appears. Several choices are offered; in all cases the
instrument sellings must match those used by the controller or
printer/plotier.

ltem 0, STATUS, toggles the RS-232 port on and off tine. The port
must be on-line to communicate with any other device.

em 1, BAUD RATE, cycles through the baud rate of the port.
Possible baud rates are:

110 600 4800
150 1200 9600
300 2400

Normally you set this parameter to as large a value as possible to
hasten data transfer. However, the controller, or the printer/plotter,
must support data transfers at the same rate. When 110 is sel-
ected, two stop bits are automatically used. Any other value
automatically uses one stop bit. The default value is 9600,

em 2, DATA BITS, determines the number of data bits per word.
The default Is eight bits and is required for binary data transfers.
Seven bits can be used for ASCII character transfers.

em 3, PARITY, cycles belween NONE, ODD, and EVEN. NONE
is the default.

ltem 4, EOL, sets the end-of-message designator. When a
message is transmitted via RS-232, the instrument sending the
message signilies that the message has been completed. Hard-
wire termination is not possible with RS-232 as it is with GPIB, but
item 4 enables you to select CR (carriage return), LF (linefeed), or
CR LF (both).
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ltem 5, FLOW CONTROL, specifies the type of handshaking that
will be used. Three choices are possible;

HARD (RTS/CTS)
The RTS, CTS, DTR lines are used. The DCD and DSR
lines are ignored. This mode facilitates binary transfers.

SOFT (XON/XOFF) .
XON/XOFF (CTRL Q/CTRL S) protocol is used. Only
transmit and receive lines are neaded, but RTS and DTR
must be forced true. Suitable for use with a modem.
However, code conflicts make binary tranfers unreliable.

NONE
No flow control is used, bul RTS and DTR must be forced
true. Suitable for use with a modem. Howaever, the user is
responsible for ensuring data buffers do not overflow.

ltem 6, ECHO, Is a toggle Intended for use with “dumb” terminals.
When ECHO is ON, the 2711 sends the character it has Just
received back to the terminal causing it to appear on the terminal
screen. CTRL Q and CTRL S are not echoad.

em 7, VERBOSE, is another on/off toggle. When VERBOSE is
ON, a response Is returned to the controller following each com-
mand or query. The response may be an event code, the correct
query response, or a simple "OK” for a completed command not
normally requiring a response. When VERBOSE is OFF, only
responses to queries are generated.

Selecting the Screen Plolter Configuration

Whichever communications port Is installed in your Instrument, the
spectral display and its attendant information ¢an be sent to a
printer or plolter by pressing [PLOT]), but you must first corractly
configure the interace.

To configure the port In your Instrument for use with your
printer or plotter, selact ltem 1 of the SYSTEM CONFIGURA-
TION Menu, SCREEN PLOT CONFIGURATION.

ltem 0, COMM PORT, on the SCREEN PLOT CONFIGURATION
Menu indicates which communications port is installed in your
instrument. No operator actlon is needed, although your print/plot
device must also have a corresponding Interface (GPIB or RS-232),

6-91



27171 User Manual

ltem 1, PLOTTER LANGUAGE, cycles through the printer and
plotier models supported by the 2711, Repeatadiy select item 1
from the menu. Each time you press [1], the printer or plotter
displayed at the end of the tine changes. EPSON FX (the default)
refers to FX-serles printers produced by Epson, and HPGL stands
for Hewlett Packard Graphics Language. Stop when the model
of your printer/plotter (or the one yours emulates) is dis-
played. :

i you set ftem 1 to a plotter, plot speed and number of plots par
page options appear on the SCREEN PLOT CONFIGURATION
Menu. Repeatedly select item 2, PLOT SPEED, to cycle
through the avallabie speeds of FAST, FASTER, FASTEST,
SLOW, and NORMAL (the defaull). Try the varlous speeds
with your plotter to see which produces the most satisfactory
results. Printers do not support these options.

if you select four plots per page, a plot position option appears
which enables you to select the quadrant of the paper on which the
current plol will be placed. Repeatedly select item 4, PLOT
POSITION, to cycle through the avallable positions.

item 5 on the SCREEN PLOT CONFIGURATION Menu deter-
mines whether or not gralicule lines are printed on the hard copy
output. Status of the plofied gralicule lines is independent of
whether the on-screen graticule illumination is on or off. Press [5]
to toggle the GRATICULE LINES ON PLOT between ON and
OFF.

Selecting the Printer Conflguration
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Cartain features such as SIGNAL SEARCH enable you to send
ASCH characler strings fo the 2711's display CRT or to the optional
RS-232 port. You cannot send these strings to a GPIB device.

Return to the SYSTEM CONFIGURATION Menu ({UTIL) [4]) and
select ltem 2, PRINTER CONFIGURATION. Then select ltem 0,
PRINTER DEVICE.

il the RS-232 interface is installed, the PRINTER DEVICE will
loggle between TTY00 and CRT. If RS-232 is not installed, CRT is
always displayed. Select CRT If you want results that would
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normally be sent to a prinler to be displayed on the 2711
screen Instead. On-screen display is sometimes not satisfactory if
there is more than one screen of data, because only the last screen
remains visible.

Changes 1o this saelting are not retained in NVRAM.

Instrument Conflguration

tem 3, INSTRUMENT CONFIGURATION, of the System Conligu-
ration Menu enables you to reset 2711 internal parameters and
conditions. Some of the more useful ones are described in the
following subsections.

The Audlo Alert

item 0, AUDIO ALERT, of the INSTRUMENT CONFIGURATION
Menu is a four-step sequencer whose stalus Is indicated at the end
of the line. You can choose OFF, KEYCLICK ONLY, ERROR
ONLY, or KEYCLICK & ERROR.

OFF
The 2711 creates no audible tones.

KEYCLICK ONLY
The 2711 emils a short fone when a key Is pressed.

ERROR ONLY
This is the faclory default. A tone occurs only when the
2711 issues an alarm, error, or warning message. The
alert sounds only once, even il the condition repeats, but a
displayed message is repeated.

KEYCLICK & ERROR
Combination of KEYCLICK ONLY and ERROR ONLY
modes.

Swiltch the audlo alert to the selting of your cholce.
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Setting the Minilmum Signal Size

Minimum signal size Is the smallest amplitude differance that must
exist between signal peaks for them to be recognized as separate
peaks during “Next Higher™ and “Next Lower” or marker arrow key
operations. This parameter is expressed in bits; full scale equals
255 bits. The minimum value is 2 bits. Factory default is 20 bits or
approximately 8% of full scale (three minor divisions).

Selact ftem 1, MINIMUM SIGNAL SIZE, from the INSTRUMENT
CONFIGURATION Menu. Type a new value and enter it by
pressing [W]. The new value appears at the end of item 1.
Experiment If you wish, then restore the factory default value.

Sending Waveforms to a Computer

lem 2 of the INSTRUMENT CONFIGURATION Menu, WAVE-
FORM TO PRINTER ([UTIL] [4] [3] [2]), sends a binary or ASCII
representation of the displayed waveform to the serial port follow-
ing each sweep. An RS-232 pont (Option 08) s required, and
PRINTER CONFIGURATION ([UTIL] {4] [2] [0]) must be set to
TTYO0O.

hem 2 toggles data transmission ON and OFF; item 3 toggles the
data format between ASCII and binary.

This feature i3 used primarily for certaln procedures at the
factory. We recommend that you leave WAVEFORM TO
PRINTER turned ofl.

300.0MHZ (AUTOSWEEP)  ATTN 10DB
-20.0DBM VF WIDE
50.0MHZ/ 10 DB/
5MHZ RBW (AUTO) CALIBRATOR "

Turning Frequency Corrections On and Off

During normal operation, the 2711 pariodically compules frequency
corrections (to compensate for short-term drifi within the instru-
ment) and applies them 1o the displayed trace. This occurs
belween sweeps. You can shorten the inter-sweep interval by
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disabling the frequency corrections, although some frequency
accuracy may be sacrificed, and the signal may drifi off screen at
small spans/div.

NOTE

Shont Holdoff mode reduces the inter-sweep interval
even further, but also disables most marker measure-
ment modes.,

Observe the spectral display for a few sweeps. You will see a
slight pause that occurs occasionally between sweeps. This is the
period during which the corrections are computed and imple-
menled,

Reduce the span to 50.0 kHz/div. Walch the signal peak for
several minutes, and notlce how It drifts away from center
screen and then Is centered as corrections are computed and
Implemented.

em 5, FREQUENCY CORRECTIONS, from the INSTRUMENT
CONFIGURATION Menu is a toggle that enables you to turn the
corrections off and on. Press [5] to turn off the correctlons, and
then return to the spectral display. Notice how the signal now
driits continuously. Select item 5 again o turn the frequency
corrections back on. Return to the speclral dispiay, and note
that the signal Is agaln centered.

The Spectral Display In Menus

Press [UTIL] [4] [3] to actlvate the INSTRUMENT CONFIGURA-
TION Menu. Repeatedly select item 6, SPECTRAL DISPLAY (N
MENUS. This feature superimposes the spectral display over the
menu. Some users preler to have the display present when
working with menus, others do not. For now, leave the display
turned on.
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Changing the Sweep Holdoff

There is a holdoff period between the end of one sweep and the
start of the next to give circuits within the 2711 time to stabilize.
For faster response time when continuous observation of signals is
necessary, the delay can ba minimized by entering short holdoff
mode. When using short holdoff in AUTO sweep mode, a flciitious
signal sometimes appears at the left edge of the screen.

NOTE

Turning on SHORT HOLDOFF disables frequency
corrections and most marker measurement modes.

Ensure the speciral display Is turned on In the menus and
selact ltem 7, SWEEP HOLDOFF, from the INSTRUMENT
CONFIGURATION Menu. Messages appear indicating which
features are sacrificed when using short holdoff. Read the
messages, and then press [W] to continue. The SWEEP
HOLDOFF status switches from NORMAL to SHORT HOLDOFF
and a signal peak may appear at the leit edge of lhe screen.

Resel the sweep holdoff to NORMAL and turn off the SPEC-
TRAL DISPLAY IN MENUS,

Setting the Date and Time (Option 03 and 08 Only)
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When an optional communications port (Options 03 and 08) is
Installed, the 2711 contains a real-time clock with battery backup
power. The clock is used to display the date and time and/or to
label printer/plotter outputs.

To set the real-time clock, return to the SYSTEM CONFIGURA-
TION Menu ([UTIL] 4]} and select item 4, REAL-TIME CLOCK
SETUP. Select ltems 0 - 5 to update the clock. Terminate
each eniry by pressing [W]. Selact item 6 to toggla the clock
display on or off in the menu, the spectral display, and printer/
plotter oulputs. Press [UTIL] to relurn to the spectral display.
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Protecling Stored Settings

Call up the SYSTEM CONFIGURATION Menu ([UTIL] [4]).
Toggle Item 5, STORED SETTINGS PROTECT, to ensure the
end-of-line status indlcator Is set to ON.

Press [BKSP] to return to the UTIL Menu, and select STORED
SETTINGS/DISPLAYS. Atlempt lo delete any stored setting.
This message appears:

ONLY WAVEFORMS DELETED
When STORED SETTINGS PROTECT is turned on you cannol
delete the stored settings, but wavelorms stored with them will be
deleted.

Turn STORED SETTINGS PROTECT off.

The 2711 Flle System

The 2711 stores settings, waveforms and other data in a system of
files In NVRAM. Normally you will not alter those files.

To vlew a directory of exlsting flle names, press:
[UTIL] [4] [8]

File names are eslablished by the firmware. Table 6-5 lists the file
names and describes their contents. Files are created only as
required. That is, you will not find a BSETO3 settings file unless
you have previously saved the B-register seltings In the third

. storage location.

DSET00 and SETOBU are special files. They are created auto-
matically by the 2711 and comain the D-register seftings used
when the instrument was last turned off. SET0BU is a backup in
case DSETOO Is corrupled during a power-down-up cycle.

Other files of a temporary or transilory nature may also be created
by the Instrument for internal purposes.
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Table 6-2. The 2711 file system.

Settings files: Each file saves the 2711 control sellings for a particular
reglister (A, B, G, D) In a designated location (00-39). BSETO03 saves
B-register settings in the number 3 location.

Curve files: Each file saves curve data from register A, B, or C In a desig-
nated location (00-39). D-register curves are never saved. AWFM04
saves the A-register curve in location 4.

User-Definable Program (UDP) flles: Each file saves a keystroke se-
quence reprasenting a particular UDP in a designated location (0-8).
UDP1 is the second user-defined program.

Antenna Table flles: Each file saves the antenna table in a designated
location (1-5) representing antenna data for a particular antenna,
ACF3 saves the antenna information in location 3.

Normallzation flle: Normalization files save the data generated by normaliz-
ing the 2711, including reference and TG normalizations.

FILE NAMES

User-Deflned Antenna
Curves Settings  Programs Tables Normallzatlons
nWFMO00 nSETO00 UDPO ACF1 NORM

nWFM39  nSET39 uDP8 ACF5

n=AB8,C n=AB,CD

Several other files representing system parameters may also be present:

NAME DESCRIPTION NAME DESCRIPTION
S_RTC Real-time clock config. 12.88 Version
SETUP Instrument config. S_GPIB  GPIB Config.
SEARCH  Signal search config. S_TTYx  RS-232 config.

S_PLOT Plotter config.
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Protecting Files

Files you wish to preserve such as waveform, settings, or UDP {lles
can be protected from accidental erasure in several ways. For
instance, UDP files can be selactively protected from the USER
DEF Menu, while all seltings files can be protected by pressing
[UTIL] {4] [5].

However, to selectlvely protect Individual flles in the file
system, first determine Its flle number by viewing the flle
direclory ([UTIL] [4] [6]). The number Is listed under the FID
column In the directory. Relurn to the SYSTEM CONFIGURA-
TION Menu and select ltem 7, PROTECT FILE. Following the
on-scresn prompl, enter the number of the (lle you want to
protect. Confirm your seleclion by pressing [W]. I is now
impossible to delete the file without first unprotecting it.

To unprotect a previously protected flle, repeat the foregoing
process. The process constitutes a toggle which aiternately
protects and unprotacts the designated file.

A word of cautlon: unless you have speclfic reasons for doing
otherwise, do not protect system parameter and normalization
liles (see Table 6-2). Doing so may prevent the instrument from
carrying out its normal functions, or updating data.

Confirming Inslalled Optlons

If you are In doubt as to which options are Installed In your
Instrument, press:

[unL] 4]

kem 9 on the SYSTEM CONFIGURATION Menu is labeled
INSTALLED OPTIONS DISPLAY. Select ltem 8. The display
begins by listing the Instrument's firmware version and the Tektro-
nix copyright. Below that, two columns list the options installed In
your instrument. You will see a readout similar to this one:

GPIB VIDEO MONITOR
TRACKING GEN

This display indicates which options are actually installed, for
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example, Options 03 (GPIB), 04 (Tracking Generator), and 10
(Video Monitor). The list you see depends upon the options
installed in your instrument. The following oplions may be listed
here:

OPTION DESCRIPTION
02 COUNTER
03 GPIB
04 TRACKING GEN
08 RS-232
10 VIDEO MONITOR

The number following NVM (non-volatile memory) Is for internal
Tektronix use only and of no value 1o he user.

o
s—

— ———— —

Any control seltings can be used

—_—

Instrument Diagnostics and Adjustments

Many of the items within the INSTRUMENT DIAGNOSTICS AND
ADJUSTMENTS Menu are intended for servicing the 2711.
However, those selections that may be used to verily instrument
performance are discussed. items not discussed are reserved for
service personnel or for use under tactory supervision.

Call up the UTIL Menu and select liem 5, INSTR DIAGNOS-
TICS/ADJUSTMENTS.
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Allgning the Display

NOTE

This procedure will overwrite saved waveforms without
waming.

To align the display, select MANUAL ADJUSTMENTS from the
INSTR DIAGNOSTICS/ADJUSTMENTS Menu, and then select
DISPLAY STORAGE CAL from the resulling MANUAL ADJUST-
MENTS Menu ([UTIL] [5] [2] [2)).

This selection creates a checkerboard display used to adjust trace
position and rotation. The trace rotation, vertical, and horizontal
alignment controls are located on the rear panel (see Miscella-
neous Controls in section 5).

Turn the TRACE ROT control untll the checkerboard test
pattern Is allgned with the graticule. Adjust the VERT POS
control until the top line of the pattern coincldes with the top
graticule line. Last, turn the HORIZ POS contro! until the
vertical center line of the display coincides with the center
vertlcal line of the graticule.

After completing the alignment, repeatedly press [UTIL] until
the spectral display relurns.

Service Normallzations

The 2711 contains a set of frequency and amplitude normalization
values when it is shipped from the factory. The normalizations are
based on reference values, called reference normalizations,
determined at the time of manufacture. The reference normaliza-
tions specify the gain step sizes, and the frequency and amplitude
of the internal calibrator signal. The references are determined by
comparison with an accurate external altenuator and signal source.
If NVRAM is ever lost (for instance, because the battery runs
down), the faclory reference normalizations are lost, and a service
relerence normalization must be performed to achieve maximum
accuracy. If you have signal sources available which are more
precise than the on-board calibration signal, they can be used to
achieve added accuracy when normalizing the Instrument.
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Select ltem 5, SERVICE NORMALIZATIONS, from the INSTR
DIAGNOSTICS/ADJUSTMENTS Menu ([UTIL MENU] [5] [5)).
Using the REFERENCE NORMALIZATIONS seleciion from the
SERVICE NORMALIZATIONS Menu, you can measure new
reference values for the on-board calibration signal and attenuator
with respect to more precisely known alternate sources. The
alternate sources must exceed these specifications:

» frequency: 5 parts in 107 + 10 Hz
+ amplitude: ~30+ 0.1 dBm @ 100+ 1 MHz
+ attenuation (gain step): 10 £ 0.5 dB @ 100 + 1 MHz

We will not give examples for all reference normalizations, but we
will show you how to determine a new frequency reference.

Connect an external frequency source to the 2711 Input
meeting the frequency specificatlon glven above. Various
sources are available: WWV in the U.S., some broadcast television
carriers (check with the station), assorted frequency standards, elc.
A frequency between 100 MHz to 500 MHz is preferred, but signals
having frequencies as low as 5 MHz may be used.

Return to the spectral display and press [CTR-MEAS/T RKG}
once time to ensure the external reference Is centered. Then
seloct item 1, REFERENCE NORMALIZATIONS, from the
SERVICE NORMALIZATIONS Menu. Next select item 1,
INTERNAL REF FREQ, from the resuiting REFERENCE
NORMALIZATIONS Menu. On-screen prompts appear for each of
the reference normalizations. Select itam 1 and enter the
frequency of the exiernal source. Now simply select item 2
and preas {W] when you are ready to have the 2711 determine
the new reference. After a few seconds you will receive a
NORMALIZATION COMPLETE message.

Procedures for determining new gain step and amplitude refer-
ences are performed in a similar fashion (follow the prompls).

After you determine the new reference values, complete the
process of optimizing the measurement accuracy by perform-
ing a complete normalization ([UTIL MENU] [3] [0]).

The remaining items on the SERVICE NORMALIZATIONS Menu
are normally used only by service personnel. Howaever, menu item
4 may be used to view selacted normalization values, and item 5
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sends the normalization values 1o a printer when Option 08 is
installed. These may be useful for future reference. ltem 6 sends
any messages that occur during normalization lo the printer.

To obtaln a hard copy of the normalization values, place your
Epson FX-compatible printer on-line (sorry, a plotter will not
work unless It can emulate an FX-serles printer) with the paper
In correct position, and select llem 5 from the SERVICE
NORMALIZATIONS Menu. Printing starts immediately., Control of
the 2711 is returned following printout,

If You Lose NVARAM

The NVRAM is powered by lithium batteries. Battery life Is limited
to afew years (see Table 2-6 in Section 2, Specifications).

| WARNING I

Handiing and disposing of lithium cells can be hazardous.
Refer all battery maintenance to a Tektronix service
cenler.

When the batteries become weak, all the contents of NVRAM are
lost. This Includes all stored settings, tables, waveforms, and all
normalization data. To prevent inadvertent loss of the reference
normalizations, routinely return your 2711 to Tektronix for battery
replacement. When a Tektronix service center replaces your
battery, it also normalizes the references ensuring that your
Instrument will operate within its specifications.

i NVRAM Is ever lost in the field, you may have 1o normalize the
2711. To begin the process, press [UTIL] [3] [1] to carry out a
frequency normalizatlon. The instrument will use default refer-
ance values from internal EPROM's or DIP switches. The default
values will not result in optimum accuracy, but will enable you to
make approximate measurements. More imporiantly, they will
enable you to carry out the relerence normalizations required to
ensure the instrument is fully within its specification and operating
at maximum accuracy.
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Follow the instrucllons In Service Normalizations and the
resulling on-screan prompts to perform the service reference
normalizations.

After the reference normalizations are complete, press [UTIL]
[3] [0] to complete the frequency and amplltude normaliza-
tlons,

If external reference sources are not avallable, simply petform the
frequency and amplitude normalizations ((UTIL} [3] [0)). The 2711
will be usable, but the references should be normalized at the
earliest opportunity. If the battery is too weak, you wil! have to nor-
malize the 2711 each time it is used until the battery is replaced.

I Any control sellings can be usad

Generating a Service Request (Options 03 and 08 Only)

UTIL Menu item 6, SERVICE REQUEST, enables you to manually
generate a service request (SRQ) whenever required for testing or
other purposes. See the 27171 Programmer Manualfor detailed
Information about SRQs and their uses.

To generate an SRQ, press [UTIL) [6]. If the communications
port is on line, the request is generated immediately and reflected
on-screen by the message REQUEST at bottom center (if the port
is off line, nothing happens). The message remains on-screen
until serviced by the controller, or until the communications port is
cycled on and off line using [UTIL] [4] [0] [0] [0] or [UTIL] [4] [0] (2]

[0].

NOTE

The techniques for reporting the event causing an SRQ
are different for GPIB and RS-232. See the 2711
Programmer Manual.
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Printing The On-screen Readouts (Option 08 Only)

The UTIL Menu also enables you 1o print the on-screen readouts
on an FX-series printer. The instrument must be equipped with the
optional RS-232 port (Option 08), and the printer must be con-
nected directly to the port. Further, the RS-232 port must be on
line to use this feature. Each on-screen line is terminated with a
linefeed regardless of the terminator selected from the RS-232
configuration menu.

Printing the on-screen readouts can be usefu! if you wish to print
results during a user-defined program (UDP} sequence. For
instance, suppose that you perform a marker peak tind function
during the UDP. The frequency and amplitude of the signal are
displayed at the upper right of the screen (the normal marker
readouts).

To print the readouts via the RS-232 port, ensure your prinler
Is powsred up, on line and ready. Place the RS-232 port on
line ([UTIL] [4] [0] [2]), and press [UTIL] [9] [0]. This selacts the
PRINT READOUTS selection under the MORE heading (item 9) of
the UTIL Menu. Printing begins immediately.
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100.0MHz (AUTOSWEEP)  ATTN 10DB

~20.0DBM VF 300KHZ

1.0MHZ/ 10 DB/

300KHZ RBW (AUTO) I
SWP/TRIG

L:l The Sweep/Trigger (SWP/TRIG) Menu selects one of

several useful trigger modaes. During normal operation of

the instrument, the sweep generator is free running. A
new sweep begins as soon as possible afier the end of the
previous sweep (there is a small delay for frequency corrections
and end-of-sweep processing). However, when performing time
domain analysis or measuring pulsed signals, it may be advanta-
geous to trigger the sweep from a characteristic of the input signal,
or from another signai related to the input signal,

The SWP/TRIG Menu also enables you to specify the sweep rate
and enter manual scan mode.

Free Running the Sweep Generator
Cail up the SWP/TRIG Menu by pressing:
[SWP/TRIG])

Choose Item 0, FREE RUN, to place the 2711 In the free
running, or continuous, mode. This is the default sefting, and is
usually satisfactory for analyzing continuous signals. I is also a
good mode for examining the time domain representation of CW
and noise-like signals.

Oscliloscope Trigger Modes

In a manner that is similar to conaventional oscilloscopes, you can
choose the Input signal, an external signal applied at the back
panel of the instrument, or the AC power line as the trigger source.
You do this by selecting INTERNAL, EXTERNAL, or LINE irigger
from the SWP/TRIG Menu,
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The INTERNAL, EXTERNAL, and LINE trigger modes cause the
sweep generator to slart a new sweep when the trigger signal
amplitude crosses a threshoid determined by the selling of the
LEVEL control (inner knob 1o the left of [SWP/T RIG]). H1the
instrument is placed in zero span and linear amplitude mods, the
resulting waveform resembles an oscilloscope display (detected
signal amplitude vs. time).

Internal triggering requires the signal to be at least one division In
amplitude (LIN or LOG mode), and is most often used for time
domain analysis.

The LEVEL control stabilizes the display. It adjusts a threshold so
that the sweep begins when the amplitude of the input signal cros-
ses the threshold. For instance, you may use this mode to trigger

on the leading edge of a pulsed signal, such as the output of a CW
radio transmitter, a radar or sonar devics, or a video modulator.

If internal triggering is used for spectral analysis, the triggering
signal must be tuned to the left edge of the speciral display.

Connect an antenna or cable 1o the RF Input of the 2711 as
oullined In Appendix A. Tune to a strong television video
carrier and adjust the signal helght to near the reference level.
Set the instrument to LIN mods, zero span, and 5 MHz resolu-
tion bandwidih. Set the sweap rate to 2 msec/divislon and
deactlvate all storage registers.

You are now viewing one field of video information. The dark
vertical spaces within the waveform are caused by the time taken
to write the on-screen readouts. Turn off the readouts. The
waveform on screen should resemble Figure 6-19, but it will be
moving across the screen because the sweep generalor Is free
running,

Select ltem 1, INTERNAL, from the SWP/TRIG Menu and slowly
rotate the LEVEL control until the display Is stationary (this
may be difflcult to achleve If the signal Is weak or nolsy). The
sweep is now being triggered by the vertical sync pulse.
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Figure 6-19. Video fleld using internal or TV fleld triggering.

External triggering is usually chosen for pulsed signal analysis
when there is an externally available gate signal signifying that the
signal to be examined is present at the 2711 input. For instance,
the keying signal from an RF transmitter or the squelch signal in a
receiver. (If the gating signal is not avaitable, you may be able to
trigger internally.) The external trigger signal is applied through a
BNC connector (J102) on the rear panel. Its ampiitude may range
between 100 mV to 50 volts. See section 7 for additional informa-
tion.

Without changlng any other conlrol seltings, select Item 3,
LINE, from the SWP/TRIG Menu. If the screen goes blank,
readjust the LEVEL control. The sweep is triggering on a sample
of the AC power line voltage. The display may be stowly drifting or
stationary now. TV sweep rates are almost harmonically related to
line frequency, but small, fractional Herlz differences create the
slow drift.

Turn on the readouts.
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100.0MHZ (AUTOSWEEP)  ATTN10DB
~20.0DBM VF 300KHZ
1.0MHZ/ 10 DB/
300KHZ RBW (AUTO)

TV Line Trigger

ltem 4, TV LINE, of the SWP/TRIG Menu Is one of two internal
triggering modes that are very uselul for time-domain analysis of
television signals. A horizontal sync pulse begins each TV line.
You can designate the TV line standard in use (NTSC, PAL,
SECAM, or OPEN) and how the line is selecled using item 9,
SETUP TABLE. When CONTINUOUS line triggering is selected,
any sync pulse will trigger the sweep. KNOB SELECTABLE and
KEYPAD ENTRY modes enable you to select a particular horizon-
tal sync pulse as the trigger signal, but these modes are available
only if Option 10 (Video Monitor) is Installed. The selected line is
displayed at the bottom of the right on-screen readout column.
Choosing any HORIZONTAL LINE TRIGGERING mode from the
Setup Table also selects TV LINE trigger mode.

To see TV line iriggertng work, connect an antenna or cable
drop to the 2711 as outlined In Appendix A. Change the
resolution bandwldth to 5 MHz, and tune to a strong TV video
carrler. Ensure the signal peak Is close to the reference level.

Call up the SWP/TRIG Menu and salect Setup Table, flem 9.
Repealedly select Item 4, TV LINESTANDARD, untli the TV line
standard approprlale to your signal appears. Use the OPEN
(1024 line) setting for non-standard systems.

flems 0 — 3 of the Setup Table determine which sync pulse(s) is
used. Choosing any of these also selects item 4, TV LINE mode,
from the SWP/TRIG Menu. Select item 0, CONTINUOUS, and
then return to the spectral display. Turn off digital storage and
selecl zero span. Enter LIN mode, and change the sweep rate
1o 20 usec/div (sweep rate Is Indicated In the left-hand readout
column).
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55.2mHE2 [ : | ATTN 608
-24.60pM | | F.-WIDE?
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Figure 6-20. Video signal using continuous horizontal line triggering.

The screen should resemble Figure 6-20. In CONTINUOUS mode
the sweep generator is triggered by the first pulse that occurs after
the 2711 enters the ready-to-be-triggered state. In other words,
after the current sweep Is completed, the instrument enters the
ready-to-be-triggered state and is triggered by the next horizontal
sync pulse that is detected. Thus, a different sync pulse generally
triggers each sweep. The video signals following each sync pulse
are not quite the same, but are displayed on top of each other.
The resutt is an intense, but fuzzy, dispiay.

To use the KNOB SELECTABLE and KEYPAD ENTRY line trigger
modes, Option 10 (Video Monitor) must be installed.

Call up the Setup Table again and choose Item 1, KNOB
SELECTABLE. Return to the spectral display. The tuning knob
now controls which pulse is used. Pulses are numbered from 6 to
1023. The current line number (horizontal video line number and
sync puise number are the same) is displayed at the bottom of the
fight on-screen column. If more than one sync pulse is displayed,
the number is that of the pulse nearest ihe left edge of the scraen.

Turning the knob clockwise increases the line number and counter-
clockwise decreases it. Turn to line 17 to view several lines
Including the vertical Interval test signal (VITS). This signal is
usually present between lines 15 and 20 in the U.S. (Figure 6-21).
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Figure 6-21. Video signal using knob-selectable horlzontal line
triggering (VITS visibte).

The display is not as bright as it was in CONTINUQUS modes,
because the instrument is triggering on, and displaying, only one
horizontal line out of every field. If the display Is oo dim, adjust
the INTENSITY control,

When knob-selectable TV line triggering is active, pressing [MKR/
FREQ] [2] changes the knob function from frequency control to
marker control or video line selection. This is a great convenience
for changing TV channels. See Changing the Knob Function
eatlier in this section for more intormation.

Agalin call up the Setup Table. If you select item 2, KEYPAD
ENTERED LINE, the sync pulse indicated at the end of the line will
be used as trigger. Select ltem 3, KEYPAD ENTRY, and enter
number 279 from the numeric keypad. The number you enter
appears at the end of the KEYPAD ENTERED LINE. This number
also changes when you operate in the knob-selectable mode; it
shows the number of the sync pulse last used as trigger. Press [2]
and return to the waveform display. On most U.S. NTSC
stations you now see the VITS for the second piclure field.

When using the keypad-entered lines, the tuning knob controls
frequency instead of line number.

6-111



2711 User Manual

TV Video Field Triggering

Item 5, TV FIELD, of the SWP/TRIG Menu is the sacond of two
internal triggering modes that are particularly useful for time
domain analysis of television signals. Call up the SWP/TRIG
Menu and choose ltem 5. The display Is now being triggered by
the TV vertical sync pulse which occurs near the beginning of each
field. Using the SWEEP arrow keys, slow the sweep rate to

2 msac/dlvislon. The display resembles Figure 6-19. You can
now sea an entire frame of video information with the start of frame
at the left of the display. The frame does not move across the
screen as it does In LINE trigger mode because the sweep
generator is locked to the displayed signal.

You can eliminate the dark vertical spaces in the display by turning
off the readouts.

Setting the Sweep Rate

Next you will slow the sweep rate without using the SWEEP [+ ][+)
keys. Call up the SWP/TRIG Menu and choose ltem 6, SWEEP
RATE. Following the prompt, enter § msec/div. The instrument
reverts immediately to the display mode and the screen contains
three complete video frames. This feature Is convenient for setting
the sweep rate when you are already working in the SWP/TRIG
Menu or you have turned off the readouts,

Return to FREE RUN mode ([SWP/TRIG] [0]).

100.0MHZ (AUTO SWEEP) ATTN 10DB

~20.0DBM VF 300KHZ
1.0MHZ/ 10 DB/
300KHZ RBW (AUTO)

Manually Scanning

Center a slrong video carrler, and then call up the SWP/TRIG
Menu and select Item 7, MANUAL SCAN.

The spectral display reappears, but it does not appear to be
updating. Turn the Inner LEVEL conirol knob and watch the
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screen carelully. A portion of the display updales as you turn the
knob. n this mode, the LEVEL knob controls the horizontal sweep
position.

Turn the LEVEL control slowly from fully counterclockwiss to
fully clockwise and watch the screen update. This feature
enables you to carefully examine a small porion of the spectrum. It
is also convenient for manually scanning a broadcast or communi-
cations band while listening to demodulated signals, The 2711
performs llke a radio recelver. The operator can stop at any stalion
since he controls the sweep.

Toggle the manual scan mode off by selecting Item 7 again.

100.0MHZ " (AUTOSWEEP)  ATIN 10DB
—20.0DBM VF WIDE
20MHZ/ 10 DB/
SMHZ RBW (AUTO)

USER DEF

I:' The User-Delfinable (USER DEF) Menu enables you to

store and execute user-definable sequences of keystrokes
called routines or programs. The routines are intended to permit a
series of operations to be carried out with only two keystrokes;
press [USER DEF] and select the routine you want to run. This
feature is particularly useful for performing a series of repetitious
measurements,

Before you can use routines, they must be created, and each
routine must have a well-defined starting point. One good way to
ensure the routine starts with the correct instrument settings is to
begin by recalling a specific group of settings. Another way is to
start with a known group of settings, such as the factory or user-
defined power-ups, and manually change them to the conliguration
at which your routine begins (this can be done within the routine,
but it uses up additional memory).

In the following example, you shall acquire a 20-sweep MAX/MIN

ensemble average of the instrument noise in register A with no
calibration signal present, subtract the A register contents from the
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B register, and display a message telling the operator to turn on
the calibralor when the average is complete. The result will be the
calibrator signal with the average noise subtracted out.

Begln by recalling the factory default power-up settings
(IUTIL] [1] (1]} and then Implementing the settings In the
preceding settings box. Store the settings In location 5
{(uTiL] (1} [S] [X]).

To create the user-defined routine:

1. Press [USER DEF] and select item 9, USER DEF PROGRAM
UTILITIES. Select Item 1, TITLE EDIT and press [W] to
begin editing. Enter a title of TESTO1. The procedure is the
same used lo title a display (see Adding Titles and Labels in
this section). The title may be up to 28 characters long. Press
[X] to store the title. Titling the routine Is not mandatory (if no
title is selected, the routine is named PROGRAM # by default,)
but does help you 1o recall the purpose of each routine.

2. Select tem 0, ACQUIRE KEYSTROKES, from the USER
DEF PROGRAM UTILITIES. This begins the accumulation of
keystrokes. The spectral display reappears with the routine
name and this message:

ACQUIRE KEY STROKES 0 BYTES
Each key that is pressed is now recorded in the order in which it
was pressed. This sequence of key strokes constitutes most of
the user-detined routines. The function of that key |s also
carried out as you watch. You can return to the USER DEF
FROGRAM UTLILITIES at any time by pressing [USER DEF].
3. Press [UTIL] [1] [5] [W] to recall the stored settings.

4. Press [DSPL] [1] [7][2] [0] [W]. This sets the ensemble size
to 20.

5. Toggtle [8] until line 8 of the menu reads:
SAVE RESULTS IN DISPLAY A

This places the avarage in the A register.
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6. Press [6]. This selecls the MAX/MIN average.

7. Press [DSPL] {USER DEF] [3] [W]. This returns to the USER
DEF PROGRAM UTILITIES and enters DISPLAY MESSAGE
edit mode. The message can be up to 32 characters long. The
message remains on screen unlil deleted. Enter the message:

20 MAX/MIN AVG
Remember to press [X] lo store the message.
8. Press [USER DEF] [DSPL] [1] [1] to start the average.

9. After the average Is complete, press [B] [DSPL] [2]. This
lurns on the B,C MINUS A in register B.

10.Press [D ] [A]. This turns off the A and D registers,
11.Press [USER DEF] [3] [W] [Y] to delete the old message.

12.Press [3] [W] 1o enter the DISPLAY MESSAGE mode agaln.
Enter the message:

WHEN AVG IS DONE
and terminate with [X].

13.Press [4] to select PAUSE FOR “USER DEF” KEY. This
creates a PRESS "USER DEF” TO CONTINUE message on
screen when your routine executes and halts the routine until
you press [USER DEF].

14.Press [USER DEF] [3] [W] [Y] to delete the old message.
15.Press [USER DEF] [INPUT] [2] to turn on the callbrator.

16.Press [USER DEF] and select ltem 2, WAIT FOR END OF
SWEEP. This message instructs the instrument to wait for the
complstion of the current sweep and all end-of-sweep process-
ing before proceeding with further instructions. The instrument
also displays this message:

WAIT FOR END OF SWEEP

when the routine executes until the processing compleles,.
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This delay guarantees the calibrator has time 1o turn on before
the lollowing Center Measure operalion (step 17) is carried out.

if the display line/limit detector feature is active, it converts the
WAIT FOR END OF SWEEP message to WAIT FOR LIMIT,
This halts the execution of the user-defined routine until the
alarm condition has been satisfied. You could then use [SAVE]
[register] to store the alarming signal, or readout its amplitude
using the marker.

17.Press [CTR-MEAS/TRKG). This will center and count (if
Option 02 is present) the calibrator signal.

18.Press [USER DEF] and sslect Item 2, WAIT FOR END OF
SWEEP. Fealures like Center Measure require the delay this
instruction ylelds to prevent parameters from changing before
the count is completed.

19.Press [USER DEF] [6] [3]. This stores the routine in location
3. You cannot store a routine in a location in which another Is
already stored. You must first delete the prior routine.

20.To prevent your routine from accldental erasure, press
[USER DEF] [9] and select Item 8, PROTECT, and then
press [3]. Select item 7, DELETE, and notice the # next to
your routine Indicating that It Is protected. Press [3] [W].
The message:

REMOVE PROTECTION FIRST

appears. To remove the prolection, press [BKSPY/ [8] [3].
You can now delste the routine If you wish.

Normally, there Is no need to repeat this measurement. Dolng It
once determines how much the amplitude of the calibration signal
is above the average noise passing through the 5 MHz resolution
bandwidth filter. However, in the case of other routines it may be
desirable 1o have the routine repeat indefinitely. For instance, you
might determine the frequancy and amplitude of a series of
oscillators. Here is the general approach for creating a UDP for
this measurement:

1. Do any titling or message generatlon.
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2. Use a PAUSE FOR “USER DEF” KEY command. When
the routine is actually running, you attach the external
oscillator and press [USER DEF] to continue.

3. Perform a Cenler Measure to delermine the frequency
and amplitude of the osclllator signal.

4. Use a WAIT FOR END OF SWEEP command to allow
the measurement to be carrled oul.

5. Send the result to a printer, I desired (requires Optlon
03 or 08).

6. Select item 5, CONTINUOUS EXECUTION, from the
USER DEF PROGRAM UTILITIES. The status indicator at
the end of the line will change from OFF to ON. This
causes the routine to repeal indefinitely.

7. Store the roullne and protect it, i desired.

Before exacuting any user-defined routine, it is a good practice to
reinitialize the instrument and clear all registers.

To start a routine, press:

[USER DEF)

and solect the number of the routine you want to run. The
routine begins 1o execute immediately.

While the routine is running, its title is displayed beneath the left on-
screen readout column. If your routine includes a DISPLAY
MESSAGE, it Is displayed beneath the title. Error and progress
messages are also displayed under the right-hand readouts. You
may interrupt any routine by pressing [USER DEF] (except when
PRESS “USER DEF" TO CONTINUE is displayed). A continuously
executing routine will continue to run until you press [USER DEF).
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SECTION7
EXTERNAL INPUT AND OUTPUT

The rear panel contains several Input/output {/O) connectors. One
or more of those described in this section may not be used on your
instrument, depending upon which options are installed.

NOTE

During this section, perform the operations that are
highlighted with bold text.

, Any control setlings can be used for these exerclses.

For safety, be sure to use a 3-wire AC power cord and be certain
the ground conductor Is properly connected. Adjacent to the
power receplacle is the mains fuse; its size Is marked. If the
fuse repeatedly blows, it is likely you have a hardware problem.
Contact your local Tektronix Field Office or representative.

J101 - TV SIDEBAND ANALYZER INTERFACE

This jack provides the 2711's first local oscillator signal to the
Tektronix 1405 TV Sideband Analyzer. The Jack is provided as
part of Option 15. The 1405 is designed spacifically for testing
video modulators, transmilters, and CATV headends. It provides
standard video signals to the input of the modulator, whose output
Is quickly and accurately measured using the 2711. Simply Insert
an SMA-to-SMA connecting cable between the LO IN jack on the
back of the 1405 and J101 on the back of the Spectrum Analyzer.
You can also superimpose frequency markers generated by the
1405 on the sweep produced by the 2711. The markers consist of
variable width “dips” in the Spectrum Analyzer sweep, and are in
addilion to the intensified frequency markers internally generaled
by the 2711. To supetimpose the markers, connect the Z AXIS
OUT signal from the 1405 to the 2711's external video input {pin 1
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of accessory connector J103). Use pin 2 of J103 for signal
ground. Turn the markers on or off from the 1405's front pansl,
and control their width and depth using the 1405's WIDTH and
INTEN controls. Consult the 1405 Operators Manual or
Antenna To Tap...No Loose Ends, Tektronix publication 26W-
7043, for instructions on making measurements with the 1405/
271x combination (treat the 2711 as though it is a 2710).

J102 — EXTERNAL TRIGGER

7-2

This BNC input, rear pane! connector located is labelled J102 and
EXT TRIG. The shell of the connector is at chassis ground. When
using an external trigger signal (see SWP/TRIG in section 6), use
this connector to apply the trigger signal. Trigger signals must be
posilive-going and rise above 100 mV for at least 0.1 microsacond.

To avoid damaging the 2711, combined AC plus DC
trigger signal levels must not exceed 50 volts peak.

An extarnal trigger signal starts a new sweep each time it rises
above a threshold established by 1he setting of the LEVEL contral,
providing the previous sweep is completed and item 2, EXTER-
NAL, is selected from the SWP/TRIG Menu.

A typical external trigger signal might be a +5 volt pulse signifying
that a transmitter has been keyed on. For instance, to determine
the spectium of a gated CW signal, you could apply the gated CW
to the 2711 input while triggering the 2711 externally with the
gating signal. The analyzer would then perform a speciral sweep
only when the CW signal was present at its input.

To trigger the 2711 externally, connect the external trigger
signal to the EXT TRIG Jack and press [SWP/T RIG] [2]. Turn
the LEVEL control fully counterclockwlse and then rotate It
slowly clockwlse untll a sweep occurs. If the exiernal lrigger is
pulsing, the analyzer sweep should now remain in synchronism
with it (i not, you may have to adjust the LEVEL control slightly).

When you are finished, press [SWP/TRIG] [0] to select FREE
RUN trigger mode.
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J103 — ACCESSORY CONNECTOR

The accessory jack, J103, is a 9-pin “D” connector, but it Is not
RS-232C compatible. Instead, it provides an interface for video /O
and the analyzer's sweep gate and sweep ramp signals. Termina-
lions are shown in Figure 7-1, and a discussion of each signal

follows.
Video Chassis &
Output Signal Ground
External
Video Input
O 000 of
=D
Sweep | Sweep
Ramp Gate
Pins4,5,8,89

reserved for fulure use

Flgure 7-1. Accessory conneclor (J103).

100.0MHZ (AUTO SWEEP) ATTN 10DB
-20.0DBM VF WIDE
20.0MHZ/ 10 DB/
5MHZ RBW (AUTO)  CALIBRATOR

Pin 1 - External Video Input

Pin 1 enables you to Introduce an external “video” signal to the
analyzer, giving it limited oscilloscope capabilities. it is also used
lo introduce the frequency markers from the 1405 TV Sideband
Analyzer (see the discussion of J101).

The “vldeo” signal, in this case, can be any signal fimited 1o a

0 to 50 kHz band and an amplitude range of 0 to +1.4 volts. The
analyzer preamplifier, RF attenuator, mixer, resolution bnadwidth
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filter, and log amplifier circuits are bypassed:; the sweep and
vertical scale facililies are utilized.

In addition, the 2711's digital storage remains active. This means
you can use the spectrum analyzer to store images of external
signals for comparison purposes, or compile statistical estimates of
their parameters using ensemble averaging.

To experiment, you need a signaf meeting the external input
amplitude and frequency limits; various signal generators may be
used.

Connect the signal source to pin 1 of the accessory connector
and Its ground lead to pin 2. Press [DSPL) and toggle item 7,
DISPLAY SOURCE, to EXTERNAL.

The instrument reverts to display mode in zero span (there is no
need to sweep the signal past the resolution bnadwidth filter since
these circuits are bypassed). The top graticule line is 0 volts. In
this mode, the only meaningful information in the left on-screen
readout is the sweep speed. The sweep speed is initially the rate
which was In effect before you switched to EXTERNAL sourcs, in
this case, 50 milliseconds/division. In tha right column only the
bottom line

EXT 175MV/

is meaningful, telling you that the external (EXT) input is being
used with a vertical scale factor of 175 millivolt/division,

Press [10/5/1] three times and notice that the scale changes to
87.5MV/, 17.5MV/, and back to 175MV/. Press the [A), [B], [C],
and [D] keys to turn off all registers to view the analog signal,
and then press [D] to turn the D reglster back on.

The VERT SCALE and DISPLAY STORAGE function blocks
remain operational. You can alter the display scaling, view analog

or digilal signals, compile ensemble statistics, or select other items
from the DSPL Menu.
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PIn 2 — Chassis and Signal Ground

Pin 2 of the accessory connector is chassis and signal ground.

100.0MHZ (AUTO SWEEP) ATTN 10DB
—20.00BM VF WIDE
20.0MHZ/ 10 DB/

5MHZ RBW (AUTO)  CALIBRATOR

Pin 3 - Video Output

Pin 3 of the accessory connector is the analog video output from
the 2711, The analog video output is a 0 1o +1.6 volt signal
representing the vertical deflection of the display you see on the
analyzer with all registers turned off. 0 volis is the top graticule line
and +1.6 volis is the bottom fine. The output signal range remains
constant regardless of analyzer reference level, attenuation, and
vertical scale. The signal can be used to drive an external oscillo-
scope or other video display unit.

Connect pin 3 to an Input channel of an oscllloscope. Atthe
oscllloscope, select 0.2 voltdivision and 50 millisecond/
division scale faclors; invert the Input and trigger Internally.
You may have trouble triggering because of the multiple signal
peaks and blanking period of the video signal, but you shouid see a
spectrum on the oscilloscope similar to the one on the 2711. I not,
adjust your oscilloscope trigger and vertical position controls. You
will learn how to overcome this problem In the next paragraph.

Pin 6 — Sweep Gate

Pin 6 of the accessory connector contains the sweep gale. The
sweep gale is a +5 volt pulse whose leading edge is synchronous
with the start of the 2711's sweep. The trailing edge marks the end
of sweep (Figure 7-2). The signal is usually used in conjunction
with the video output to indicate when a new sweep is baginning.
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Volts
] 1
+1.6 | '
: \  Analog
: ! Video
ol— : >
: l
} ]
5 i ]
+
Sweep
0 | Gatgl
]
+1.3 ==

Sweep
Bamp

/

Time

Flgure 7-2. Sweep gale and ramp timing.

Continuing with the selup from the Video Output paragraph,
connect pin 6 to the external trigger input of your oscilloscops
and select the external trigger mode, positive slope. Adjust
the oscllloscope trigger level control until the spectral display
locks in place. Now press [A), [B), [C), and [D] to turn off all
the digital storage registers. Compare the speclrum analyzer
and oscllloscope displays.

Now the oscilloscope display triggering should be greatly improved.
This can be especially important when you are trying to view tima-
varying analog spectra.

Press [MAX HOLD A&B] [A] to turn on MAX HOLD in register A
— In fact, turn on all the reglsters (press [B], [C], and [D}).
Notice the analog trace is still displayed on the oscilloscope.
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By using the video output to view the analog display, all four
registers remain available for digital slorage and display; you can
have an analog display and four (different) digital traces.

If your oscliloscope has a sweep magnifler or delayed sweep
mode, you may use elther {o obtaln an enhanced view of the
cenlral signal peak on the oscllloscope without altering the
spectrum analyzer seitings. The oscitloscope horizontal scale
factor equals the 2711 span/division times the ratlo of the analyzer
and oscilloscope sweep speads.

Pin 7 — Sweep Ramp

Pin 7 of the accessory connaector is the sweep ramp. The sweep
ramp varies linearly from +1.3 to —1.3 volts {(Figure 7-2), and is
proportional to the horizontal position of the sweep as it crosses the
screen. The stant of the ramp is synchronous with the start of the
{race; the bottom of the ramp marks the and of sweep. The signal
is usually used in conjunction with the video output to gener-ate the
horizontal deflection for an external video unit such as an XY
oscilloscope or recorder.

Continulng with the selup from the Sweep Gate paragraph,
connect pin 7 to the X-axis Input of your oscllloscope and the
video output to the Y-axIs. Place the oscllloscope In XY mode.
Ad]ust the X-axls galn on the oscllloscope until the sweep Just
flils the screen. If the sweep Is backwards, Invert the X-axis
Input.

The advantage in using the ramp to control the oscilloscope is that
there is no difference in the time bases used by the 2711 and the
oscilloscope. The disadvantage Is that you cannot control the
oscilloscope time base independently of the analyzer.
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J104 — DIGITAL COMMUNICATIONS PORT

The 2711 may be equipped with an optlonal digital communications
connector labeled J104. The type of connector on your instrument
depends on the communications option selected when the analyzer
was purchased. if the Option 03 GPIB port was chosen, J104 is a
24-pin IEEE Standard 488 GPIB conneclor. If the Option 08
RS-232 port was chosen, J104 is a 9-pin male "D" connector with
terminations conforming 1o EIA Standard RS-232-C.

The connactor pin-outs are shown in Figures 7-3 and 7-4. Signal
levels, handshaking, protocols, and other matters of importance to
digital communications are detailed in the 2711 Programmer
Manual.

NRFD I DAV
NDAC —
IFC

SRQ

ATN Dio2
SHIELD ——— l ——DIo1

LOGIC GND ——I | I I l—— Dlos
GND11 DIos
GMD10 Blo7

15

GNDO9® Dios
GNDos REN
GNDo7 4 GNDo&

Figure 7-3. IEEE Standard 488 (GPIB) connector pin asslgnments.
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RXD TXD

boD — l_—gﬂg
S D

DSH____J L_"-.R!

RTS CTS

Figure 7-4. EIA Siandard RS-232 (C) connecior pin assignments.
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APPENDIX A
BroADCAST AM, FM, AND
TV SIGNAL SOURCES

Before connecting signal sources to the 2711, be certain the
tolal signal strength is less than +20 dBm. If in doubt, check
with a broadband RF wattmeter or voltmeter.

For some of the experiments In this manual, you need AM or
FM modulated signals. The mosl readily available signals are
AM and FM broadcasts. To recelve AM or FM broadcast radio
stations, you can plug a piece of wire directly Into the center
terminal of the input signal connector on the 2711 and direct the
other end out a nearby window. Hf your building is not metal-
framed, the wire probably does not need 1o be extended outside
a window. The required length of wire will depend on the
strength, location, and fraquency of the transmitter among other
variables. 50 kW FM stations 40 miles distant have been
received with a wire paper clip, straightened and inserted directly
into the input connector — the 2711 is very sensitlve.

TV stations and FM broadcasts can also be received on a
standard television antenna or other suitable RF antenna.
Before connecting any wire or antenna to the analyzer, ensure
there Is no static charge on it by momentarily grounding it to the
input conneclor shell. If you are uncertain, use a voltmeter to
conlirm there are no high-level signals superimposed on the
antenna system (such as from a nearby, high-power broadcast-
Ing station). Maximum total input to the 2711 must not exceed
+20 dBm,

If cable TV is available in your facility, it provides an ideal source
of FM and TV signals. Using appropriale conneclors, you can
plug the cable directly into the analyzer.
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APPENDIX B
SYSTEM MESSAGES

The 2711 will display messages when:

+ Self-check routines built into the 2711 detact
abnormalilies

* Incorrect information is entered

* An improper operation is attempted

* ltis necessary to alert you to an operation in progress
The messages which you may encounter are contained in the
following list. Their causes and corrections are indicated
immediately below the message. If you are unable to correct an

abnormal situation, contact your local Tektronix Service Center
and report the message.

1ST MEASUREMENT COMPLETE
Go to the next step in the procedure.

ADDITIONAL NVRAM NOT INSTALLED
Occurs when accessing a file localed In extended NVRAM If

the 2711 cannot detect the presence of the extended NVRAM.

AMPL NORM SUGGESTED (VR PIN DAC)
Perform amplitude normalization. Consult service center if
message persists.

AMPL OUT OF RANGE (NORMALIZATIONS)
Perform amplitude normalization again. If message persists,
consult service center.

AMPLITUDE NORMALIZATION FAILED
Perform amplitude normalization again. If message persists,
consult service center.

AMPLITUDE OUT OF CALIBRATION
The analyzer amplitude may be out of calibration, This
message may be generated by the aulo sweep rate measure-
ment routine.
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AVERAGE NOISE TOO LOW
The average noise level in the Carrier-to-Noise or Noise
Normalization measurement is below the bottom of the screen
and cannot be digitized. To correct the problem, reduce the
reference level to bring the noise level onto the screen.

AVERAGE IN PROCESS

An ensemble average (not CONTINUOUS) is in process. Used
to report event over GPIB,

CALIBRATOR DOESN'T MATCH READOUT
The calibrator is enabled and an extarnal attenuation or external
frequency olfset is enabled,

CAN'T COUNT WITH CORRECTIONS OFF
Turn Frequency Correclions ON. The location of this selection
is [UTIL][4)[3].

CANNOT CALC. VERT. SENSITIVITY
Perform amplitude normalization. Consult service center if
message persists.

CANNOT COUNT (VCO IF)
Perform frequency normalization. If message persists, consult
service center. Either the VCO counter input or the IF counter
input failure can cause this error o occur,

CANNOT COUNT BEAT FREQUENCY

Perform frequency normalization. If message persists, consult
service center,

CANNOT DELETE FILE WHILE IN USE
Occurs when attempling to delete a file that Is in use.

CANNOT NORMALIZE PLL VCO
Perform frequency normalization. Consult service center if
message persists,

CANNOT OVERWRITE SAVED DISPLAY
Old data must be deteted or transferred to STORED SETTINGS
befare new data can be savad.
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CANNOT OVERWRITE STORED WAVEFORM
A waveform is already stored in this register. Old waveform(s)
must be deleted first.

CANNOT OVERWRITE STORED SETTING
An instrument setting is already stored in this register. Old
selting must be deleted first.

CANNOT STORE - NV MEMORY FULL
Must delete other settings if further slorage Is desired.

CNTR SIGNAL OUT OF IF PASSBAND
The signal in zero span is not above the threshold. Perform
CTR MEAS again or use a wider resolution bandwidth filter,
Perorming a frequency normalization may also facilitate a
count. Because of span and display storage inaccuracies, the
signal may not be exaclly centered in the digital display.

COMM PORT NOT INSTALLED
2711 cannot detect the presence of the communicalions port.

COMMAND NOT IMPLEMENTED
Feature not Installed on this instrument.

COUNTER FREQUENCY UNSTABLE
Perform normalizations again. ¥ message continues to repeat
consult service cenler. Frequency counter or input to itis
unreliable,

COUNTER NOT INSTALLED
2711 cannot detect the presence of the counter.

DATA ERROR IN FILE
Firmware/Hardware error. Consult service center if message
continues to repeat.

DBUV/M MEASUREMENT MODE IDLE
Destination wavelorm for DBUV/M is not being displayed and
the correction calculation is disabled. The mode can be
restarted by turning on the destination waveform register,

DEFAULT DATA LOADED
Since a tile could not ba read to load a data structure, the de-

fault values were loaded into the file and into the data structure.
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DELETE EDITING BUFFER FIRST
The aditing buffer must be deleted before the desired function
or entry can be accomplished.

DELETE EXISTING PROGRAM FIRST
A user defined program already exists In this register. It must
be deleted before the new one can be siored.

DELETE EXISTING TABLE FIRST
Attempt was made to store an antenna corraction factor table in
a file position which is already used. You must delste the file
via the table deletion menu prior to attempting to store of the
new file.

DESTINATION WAVEFORM CONFLICT
Attempt was made to enable two functions that use the same
destination waveform. The display line, ensemble average, min
hold, dBmV/M and waterfall mode use destination waveforms,

DIRECTORY ERROR IN FILE
Firmware/Hardware error. Consult service center if message
continues to repeat.

DISCONNECT INPUT SIGNAL
Input signal needs to be removed in following step.

DISPLAY LINE OFF SCREEN

The display line is out of range either at the top or bottom of the
CRT display.

EDITING BUFFER IS EMPTY
The local editing buffer for either the UDP or anlenna tables is
empty. Select Acquire Keystrokes in the User Defl Program
Utilities menu to begin acquisition. Select Begin Edit in the Edit
Antenna Table menu to bagin acquisition. If delstion of the
editing buffer is belng attempted, the error message is simply to
inform the user that the selected action is invalid.

END OF FILE
Firmware/Hardware error, Consult service center if message
continues to repeat.

ENSEMBLE AVERAGE COMPLETE
Signities completion of an ensemble average process.
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ERROR
Firmware error. Consult service center if message persists.

FATAL ERROR IN FILE
Firmware/Hardware error. Consult service center if message
continues o repeat.

FILE NOT FOUND
Occurs when attempting to access a file that does not exist.

FILE SIZE ERROR
Occurs when attempling to create a new file in NVRAM and the
size of the new file is not the same as lhe size of the existing
file. The most probable causs is that there is a version mis-
match between the file system and the current firmware.

FILE SYSTEM DIRECTORY FULL
Occurs when attempting to store a file in the NVRAM and there
are no more directory entries available.

FILE SYSTEM FULL
Occurs when attempting to store a file in the NVRAM thers is no
more room to store the file.

FIRST STEP MUST BE DONE FIRST
Preceding step must be performed prior to selected one. Part of
the relerence normalizations are order-dependent.

FORMATTING PLOT
Downloading plot file 10 hard copy device.

FREQ OUT OF RANGE (NORMALIZATIONS)
Perform frequency normalization again. If message persists,
consult service center,

FREQ NORM SUGGESTED (1ST LO)
Perform frequency normalizalion. If message persists, consult
service center.

FREQ NORM SUGGESTED (FIND SIDF)
Perform frequency normalization. If message persists, consult
service cenler,
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FREQ NORM SUGGESTED (INNER PLL)
Perform frequency normalization. If message persists, consult
service center.

FREQ NORM SUGGESTED (SET BEAT)
Perform frequency normalization. If message persists, consult
sarvice center.

FREQ NORM SUGGESTED (SET VCO)
Perform frequency normalization. If message persists, consult
service center.

FREQ NORM SUGGESTED (SPAN DAC)
Perform frequency normalization. It message persists, consult
service center.

FREQUENCY NORMALIZATION FAILED
Perform frequency normalization again. If message persists,
consult service center.

FUNC NOT AVAIL IN DBUV/M MODE
Selected function is not available with the dBuV/m measure-
ment mode enabled. Functions not available include LIN
vertical mode, FM and EXTernal display sources, and attempt-
ing to unsave (clear) the selected dastination waveform.
Choose new referencae units to enable the selected operalion.

FUNC NOT AVAIL IN CURRENT MODE

Consult manual for proper instrument settings. This error
message may appear, lor instance, upon the invocation of
Instrument functions such as carrier to noise, noise normalized
bandwidth, and antenna correctlon factors while in linear scaling
mode. In these particular cases the vertical scaling mode would
have to be changed to logarithmic before invoking the functions.
Another case would be the invocation of a user-defined routine
while in the user defined routine acquisition mode. The acqui-
sition mode must be exited before any routine can be activated.

FUNCTION NOT AVAIL. IN LIN MODE
Swilch to LOG mode vertical scale 1o obtain proper functioning.
This error message may appear upon the invocation of instru-
ment funclions such as carrier to nolse, noise normalized
bandwidth, and antenna correction factors.
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FUNCTION NOT AVAIL IN MAX SPAN
Signal track mode incompatible with MAX SPAN. Try smaller
span.

ILLEGAL COMMAND
Firmware error. Consult service center if message perslists.

ILLEGAL PARAMETER PASSED (NEW)
ILLEGAL PARAMETER ENTERED (OLD)
Firmware error. Consult service center if message persists.

ILLEGAL START/STOP/INC VALUES
INegal Stan, Stop, or Increment values are present for the
antenna correctlon faclor table the user Is attempting to edit,
Either the initial non-usable values are present {the user has not
atlempled to enter his own values) or the values entered have
some inconsistency such as the start value being greater than
the stop value.

INACTIVE MARKER OFF SCREEN
The frequency value of the Inactive marker has been retained.
The marker itself Is not visible being out of the range of the
display.

INSUFFICIENT MEMORY AVAILABLE
Not enough memory (NVRAM) is availabla for the operation.

INTERNAL REF AMPL TOO INACCURATE
Perform reference amplitude normalization again checking for
the presence of the correct external reference frequency and
amplitude. If message persists, consult service center.

INTERNAL REF FREQ TOO INACCURATE
Perform referencs frequency normalization again checking for
the presence of the correct external reference frequency and lts
correct entry from the keypad. If message persists, consult
service center.

INTERRUPT FAULT AT FF
Firmware/Hardware error. Consult service center if message
persists.
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INTERRUPT FAULT
Firmware/Hardware error. Consult service center if message
parsists.

INVALID DEVICE NUMBER
Firmware/Hardware error. Consult service center if message
continues to repeat.

INVALID FILE NUMBER
Firmware/Hardware error. Consult service center if message
continues to repeat.

LAST PWR DOWN REG CHECKSUM ERR
Last power down settings bad. Defaults used. Consult service
center if problem recurs,

MALLOC: RAN OUT OF MEMORY
Memory allacation firmware/hardware error. Consult service
center if message persists.

MARKERS ARE OFF
Marker(s) must be turnad on to obtain desired function.

MARKER WOULD OVERWRITE NOISE VALUE
Enabling the marker would overwrite the saved Carrier-to-Noise
or Normalized Noise value. Markers cannot be placed on a
display saved with Carrier-to-Noise or Noise Norm'd modes
enabled.

MUST BE IN DELTA MARKER MODE
Turn on Delta Markers to obtain desired function.

NO LISTENER
A screen plot front-panel operation was attempted to the GPIB
port but no listen-addressed devices waere available. Place a
listen-addressed davice on the bus and repeat the operation.

NO MODULATION ON SIGNAL
Occurs In zero span when CTR MEAS is attempted and there is
no constant frequency modulation on the carrier.

NO SIGNAL (NORMALIZATIONS)
Perform normalizations again. If message persists, consult
sarvice center.
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NO SIGNAL FOUND ABOVE THRESHOLD
There is no displayed signal exceeding the marker threshold
value. Threshold can be reset using the MKR/FREQ Menu.

NO SIGNAL AT CENTER OF DISPLAY
Firmware/Hardware error, Consult service center if message
continues to repeat.

NO SIGNAL AT COUNTER INPUT
Perform normalizations again. I message continues to repeat,
consult service center.

NOISE LEVEL LESS THAN 2DB
Measured syslem noise level is less than 2 dB above the 2711
noise floor. Noise power correction has been made by NOISE
NORM'D or C/N mode algorithms in the 2711.

NON-COMPATIBLE NVM FORMAT
The firmware version was not compatible with the non-volatile
memory. Consequently the NVM was reinitialized. Consult
service center if message continues to repeat.

NONE OF THE TRACES ARE ACTIVE
A digitized waveform must be on to employ desired function.

NORMALIZATION COMPLETE
Normalization routine successfully finished.

NORMALIZATION SUGGESTED
Frequency normalization needed. if message persists, consult
service center.

NORMALIZED RESULT OUT OF RANGE
Perform normalizations again. If message persists, consult
service center,

NORMALIZING
Normalization routine running.

NOT AVAILABLE WITH DBUV/M IDLE.
The selecled function is not available with DBUV/M mode idled.
Select new reference unit to enable cperation.
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NOT AVAIL IN SHORT HOLDOFF MODE
Certain functions that require end of sweep processing are not
avaitable when in the 'Short Holdofi’ mode,.

NOT AVAIL IN WATERFALL MODE
The selected function s not available in waterfall mode.

NOT AVAIL W/ DISPLAY STORAGE ON
Function not compatible wilh digitai display. Use analog
display.

NOT INSTALLED
Feature not installed on this instrument,

NVM CHECKSUM ERROR :
Non-Volatile Memory has been corrupted and consequently re-
Initlalized. Consult service center if message continues to
repeat,

NVM FRAGMENTATION ERR
Firmware/Hardware error. Consult service center if message
persists.

NVM SEGMENTATION ERROR
Firmware/Hardware error. Consult service center if massage
persists.

NVM VERSION MIS-MATCH
Firmware/Hardware error. Consult service center if message
continues to repeat.

ONLY WAVEFORMS DELETED
When settings you are attempting to delete are protected, only
the saved waveforms are daleted.

ONLY WAVEFORMS SAVED
When saving settings in a location containing previously
protected settings, only the waveforms are saved.
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OUT OF RANGE
A value has been entered that is outside the permitied range.
The Instrument will default to the closest permissible value. If
the message appears at times other than data entry a firmware/
hardware error is probable. Consull the service center |f
message persists,

PLOT ABORTED
New plot request has caused currently running plot to be
aborted. New plot must be requested again in order to restar
plot process and obtain new plot.

PLOT COMPLETE
A plot operation has been finished.

PLOT iN PROCESS
Signifies (for GPIB reporting) that a plot Is in progress.

POLYNOMIAL HAS NO SOLUTION
Firmware/Hardware error. Consult service center if message
continues to repeat.

PORT OFFLINE
Select ONLINE in proper port configuration sub-menu,

PRINTER ERROR
Check the printer. Some printers return Printer Error for all
conditions which need attention (offline, out of paper, etc.);
consult the printer manual.

PRINTER IS NOT CONNECTED
Connect printer to appropriate port. Check printer cable.

PRINTER OUT OF PAPER
Reload printer paper.

PROGRAM NOT EXECUTABLE
The selected user-defined program s corrupted or too big 1o fit
into available internal memory. Delete and save the aflected
program again.

PROTECTED FILE
Occurs when altempting to delete a file that is protected.
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QUERY NOT AVAILABLE
Query attempted on function for which there is no query
rasponse.

REAL TIME CLOCK HW FAILURE
Firmware/Hardware error. Consult service center if message
persists.

REAL TIME CLOCK NOT INSTALLED
2711 cannot delect presence of real-time clock.

REFERENCE LEVEL HAS NEW RANGE LIMITS
The reference level range limits have changed because the
preamp or external atten/amp! mode is activated. The refer-
ence level itself does not change.

REFERENCE NORMALIZATION FAILED
Perform the reference normalization again checking for the
presence of the correct external reference frequency and its
correct entry from the keypad if required. If message persists,
consult service canter.

REGISTER VALUE NOT ALLOWED
A storage register value was utilized which is not legal for the
requested function. For example, the regisler value 1 was used
with the GPIB command STOre. This aliempts 1o store seltings
in the factory default power-up register, a reserved register.

REMOVE PROTECTION FIRST
The selected user-defined program cannot be daleted untit its
file protection is removed.

RUNTASK: CANNOT START PROCESS
Firmware error. Consult service center it message persists,

SATELLITE VIDEO MNTR NOT INSTLD
2711 cannot sense presence of optional satellite (FM) video
detector,

SEARCH TERMINATED, MAX SIGNALS
Signal search is terminated if it detacts more than 50 signals.
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SELECT TALK ONLY MODE FIRST
Screen plot front-panel operation requires the GPIB address
mode 1o be talk only when the plot port Is sel to GPIB.

SELECTED PROGRAM IS EMPTY
The selected user defined program is empty. No action is
taken.

SELECTED STORED SETTING IS EMPTY
Selting must be stored befors it can be recalled.

SELECTED TABLE 1S EMPTY
The selecled antenna correction factor table is emply.

SETTING CORRUPTED
Requested stored setting has been deleted because of a
corrupted data value. Consult service center if message
persists. This message may also occur in general instrument
operation if Sellings Verify of [UTIL] [5] [4] Is turned ON. This
selaction checks all data transactions involving the Instrument
settings. No deletions occur in the general operation.

SHORT HOLDOFF MODE NOT INSTLD
2711 cannot detect presence of Short HoldoH feature.

SIGNAL CANNOT BE SET PROPERLY
Perform normalizations again. f message continues fo repeat,
consult service center.

SIGNAL OUT OF IF PASSBAND
Frequency to be counted is not within one resolution bandwidth
of the center frequency. Repeat CTR MEAS or use a wider
resolution bandwidth filter. Performing a frequency normaliza-
tion may also facilitate a count. Because of span and display
slorage inaccuracies, the signal may not be exactly centered in
the digilal display.

The message may also be displayed in Signal Track mode with
the Frequency Counter enabled when tracking a rapidly moving
signal. Disabling the Frequency Counter may correct the
problem. The instrument may also try to count random noise
on the filter skirts resulting in this error message. Turning on
the Video Filler or raising the Signal Threshold corrects the
problem.
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SIGNAL OVER RANGE
The signal peak is above the top of the CRT display. Lower the
reference level.

SINGLE SWEEP ARMED
Instrument armed for single sweep.

SINGLE SWEEP MODE
Instrument In single sweep mode.

SINGLE SWEEP TRIGGER
Single sweep has been triggerad.

SIGNAL SEARCH COMPLETE
Firmware routine finished.

SIGNAL SEARCH IN PROCESS
Firmware routine running.

STAND BY
Required delay in use of instrument until message disappears.

START FREQUENCY CHANGED
Change in stop frequency necessitated a change in start
frequency.

STOP FREQUENCY CHANGED
Change in start frequency necessitated a change in stop
frequancy.

STORAGE REGISTER EMPTY
No data yet stored in the register accessed.

TABLE CURRENTLY IN USE
The table is currently in use but the user may still delete it if he
wishes,

TABLE IS TOO LARGE TO EDIT
The current comblnation of start/stop/increment selup frequen-
cies resulls in a correcilon table with too many elements.
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TG NORM SUGGESTED
Tracking Generator normalization is needed for optimum
accuracy. It message persists after normalization, contact
service center.

TIMER INTERRUPT FAULT
Firmware/Hardware error. Consult service center if message

persists. Possible malfunction of interrupt timer on processor
board indicated.

TOO MANY FILES OPEN
Firmware/Hardware error. Consult service center if message
continues 1o repeat. Indicates that the maximum number of files
Is already open. Cannot open any more files at this time.

TRACKING GENERATOR NOT INSTALLED
2711 cannot detect presence of oplional tracking generator.

UNCAL
Indicates the 2711 Is operating in an uncalibrated state. Occurs
if:
a. Sweep speed is too fast for a specified resolution BW,
video filter, and span combination.

b. One or more critica! normalizations have not been com-
pleted successtully.

UNCAL OFF
A change-of-state indicator displayed briefly when an
uncalibrated state has been corrected and exited.

UNCAL ON
A change-ol-state indicator displayed briefly when an
uncalibrated state has been entered.

UNDEFINED ERROR CODE
Firmware/Hardware error. Consult service center if message
persists. Returned error code has overrun established fimits.

UNDEFINED EVENT CODE

Firmware/Hardware error. Consult service center if message
persists. Returned error code has overrun established limits.
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USE ANTENNA SETUP MENU FIRST
The antenna start/stop/Increment frequencies must be set prior
to editing the correction table.

USER DEFINED PROGRAM IN PROCESS
A UDP is in progress. Reported primarily for GPIB purposes.

USER DEFINED PROGRAM COMPLETE
A UDP has finished.

USER REQUEST
A user request SRQ has been initiated.

VERT MODE/SCALE MISMATCH ON DIFF
B minus A function attempted with mixed vertical modes (LOG/
LIN display, AM/FM demodulator) or mixed scales (10/5/1 dBy,
10/511 KHZ/, 17.5/87.5/175 MV/). Raset the vertical modes or
scales to be consistent. Amplitude mode/scale choices are
found in [UTIL] 2] [6] with scale choices also availabie from the
front panel VERT SCALE function block. Demodulator choices
are found in [DEMOD/TG] {1] and [DEMOD/T G][2].

VIDEO MONITOR NOT INSTALLED
2711 cannot detect prasence of optional video monitor.

WAIT ABORTED SWEEP NOT ARMED
Requested WAIT FOR END OF SWEEP was aborted immaedi-
ately 10 avoid an endless wait loop. This error occurs if WAIT is
requested while in single sweep mode with the sweap not
armed.

WARNING: USING EMPTY ANT TABLE
The table called for is empty. The function is still being per-
formed but with values of zero for each increment of the table.

ZERO SPAN ENTERED
Instrument is now in zero span.
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APPENDIX C
GLOBAL RESETS

Settings on the 2711 Spectrum Analyzer can be reset in many
ways. Some of Instrument seftings are always reset, while others
are never reset, and still others are reset only during certain
cycles. This appendix includes a description of which sellings are
In each category, and when each category of settings is reset.

DEFINITIONS

These delinitions are included 1o make the following explanations
more clear:

Reset — To restore a setling to a previous state. This Is what
happens to the Cenler Frequency, for example, when
power is removed and reapplied; the Center Frequency
setting is RESET.

Resel Category — Each setting belongs to one RESET
CATEGORY, such as Center Frequency belongs to the
“Iragile” reset category. Each category is described later in
this appendix.

Reset Cycle — An operation which causes one of the raset
categories to be operated upon.

Relain — The opposite of RESET. A seiling is RETAINED
for a particular RESET CYCLE if its value can be set 1o
any allowable value and remains at that value after the
RESET CYCLE completes.

RESET CYCLE DESCRIPTION

Following is a tist of all the reset cycles possible in the 2711:

Power Down/Up Cycle

This cycle is invoked by powering the instrument down and
back up again.
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Initialize Instrument Setlings Cycle
This cycle is invoked via [UTIL] [0].

Recall Last Power Down Cycle
This cycle is invoked via [UTIL] [1] [0).

Recall Factory Default Power-Up Cycle
This cycle Is invoked via [UTIL] [1] [1].

Recall User Deflned Power-Up Cycle
This cycle is invoked via [UTIL] (1] [2] [W].

Recall Numbered Settings Cycle

This cycle is invoked via [UTIL) {1] [xx] [W]. xxis one of a
selaction of stored settings designated by numerals 0 — 9 on
four successive screens.

Power-Up Diag And Reboot Cycle
This cycle is invoked via (UTIL] [5] [0] [9).

RESET CATEGORIES

There are several distinct settings categories in the 2711:

Preclous Settings

Precious settings are not reset by any reset cycle. The settings in
this class can only be changed by manually setling each to its
desired value. Settings in this calegory include:

Saved Waveforms, Plot Conliguration (including Comm
Pon, Plot Language, and Plot Speed), GPIB or RS-232
configuration, Real-Time Clock configuration, Audio Alert
sefting, Setlings Protect Mode, and Signal Search Param-
aters.
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Mode-related Settings

These are settings which are reset during some cycles and
retained for others. The settings are reset as follows:

* During an INITIALIZE INSTRUMENT SETTINGS cycle, re-
set to the values retained at the last physical power down.

* During a POWER DOWN/UP cycle, reset to the values
retained at the last physical power down, unless a User-
Defined Power-up exisls. Inthat case, reset to those
slores in the User-Delined Power-up selting.

» During a POWER-UP DIAG AND REBOOT cycle, reset
the same as during a POWER DOWN/UP cycle, but
instead of the values resetting to those retained at the last
physical power down, they reset as if a physical power
down had just occurred.

* During all other cycles, do not reset.

The mode-related settings include:

Utility Menu ltems
Spectral Display in Menus

Marker/Freq Menu ems
Frequency Reference Mode (CENTER/START), Counter
Resolution, Frequency Tuning Mode (AUTO and TABU-
LAR only, others revert to AUTO), Entered Frequency
Tuning Increment, Tabular Tuning Table, Frequency
Oftset, Frequency Offset Mode (ON/OFF)

Input Menu llems
Input iImpedance, Reference Level Units, External Gain/
Attenuation, External Gain/Attenuation Mode (ON/OFF),
dBuV/M Measurement Distance, dBuVM Antenna Table,
dBpV/M Target Wavelorm

Sweep/Trigger Menu ltems
Video Sync Polarity, Video Line Triggering Mode (CON-
TINUOUS/KNOB/ENTERED), Video Line Triggering
Standard (NTSC/SECAM/PAL/OPEN)

Display Menu llems
Ensemble Averaging Destination Wavelorm, MIN HOLD
destination waveform, Ensemble Averaging Mode,
Ensemble Averaging Number-of-sweeps, B,C Minus A
Ollset Mode, Display Acquisition Mode (PEAK/MAX-MIN),
Display Line Value
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Applications Ma. .; ltems
Bandwidth [...play dBc Value, Occupied BW percent,
Carrler-to-rise Reference Bandwidth, Normalized Noise
Reference Bandwidth

Demod/TG Menu ltems
Video Monitor Mode (BROADCAST/SATELLITE), Video
Monitor Sync Polarity, Video Monitor Video Polarity, all
tracking generator functlons

Fraglle Settings

Fragile setlings are those which are reset during ANY reset cycle.
Any settings not covered by the previous categorles are FRAGILE.
Resets occur as follows:

During POWER DOWN/UP, INITIALIZE INSTRUMENT
SETTINGS, and POWER-UP DIAG AND REBOOT cycles,
reset to user-defined power-up (if it exists). Otherwise,
reset to default values,

During RECALL LAST POWER DOWN cycls, reset to last
power-down setiings.

During RECALL FACTORY DEFAULT POWER-UP, reset to
the factory default settings.

During RECALL USER DEFINED POWER-UP and RECALL
NUMBERED SETTINGS cycles, reset 1o the specified
seftings slorage ragister.

Nommalization Values

The normalization values are modified by executing some or all of
the instrument's normalizations. These values are only lost in the
case of certain NVRAM failures. The values being used by the
2711 may be set to default values via the service menus. The
actual (most recently passed) normalizatlon values are always
restored during the POWER DOWN/UP and the POWER-UP DIAG
AND REBOOT cycles. The other cycles do not affect the normal-
ization values.
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APPENDIX D
ACCESSORIES AND OPTIONS

ACCESSORIES

The 2711 Spectrum Analyzer is shipped with the accessories listed
in Table D-1. Additional optional accessories are listed In Table
D-3. Optional AC power cords are also available 1o meet various
internationat standards (see Table D-2),

Table D-1. Standard accessorles.

Hem Tektronix P/N
User Manual 070-8500-00
Pocket Reference 070-8501-00

| Programmer Manual (Options 03 & 08 Only) 070-8132-01
U.S. Power Cord (optional power cords are 161-0104-00
shown in Table D-2)
Front Cover 200-2520-00
Adapter, 50 © N Male to BNC Female 103-0045-00

Table D-2, Opllonal power cords.

Option ltem Tektronix P/N
Al Universal Eure, 220 V/50 Hz at 16A 161-0104-06
A2 United Kingdom, 240 V/50 Hz at 13A 161-0104-07

A3 Australian, 240 V/50 Hz, at 10A 161-0104-05
Ad North American, 240 V/60 Hz, at 12A | 161-0134-00
A5 Swiss, 220 V/50 Hz, at 6A 161-0167-00
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Item Tektronix P/N
Coaxial cable, 50 2 BNC to BNC, 18 in 012-0076-00
Coaxial cable, 50 Q BNC to BNC, 42 in 012-0057-01
Coaxial cable, 75 Q BNC to BNC, 42 in 012-0074-00
Minimum Loss Attenuator, 50 Q Type N 131-4199-00
Male to 75 Q BNC Female
Rain Cover 016-0848-00
Accessory Pouch 016-0677-03
Viewing Hood 016-0566-00
Carrying Strap 346-0199-00
Service Kit 606-0110-02
CRT Light Filter {clear) 337-2775-01
CRT Light Filter (gray) 337-2775-02
Camera C-5C, Option 02 C-5C, Opt. 02
K212 Portable Instrument Cart K212
Service Manual 070-8130-01
Transit Case 016-0792-02

OPTIONS

This section describes the features of the options available for the
2711 Spectrum Analyzer. Options are usually factory installed, but
field kits are available in some cases. Contact your local Tektro-
nix Field Office or representative for additional information.

Optlon M1-Optlon M3 (Extended Service and Warranty Options)

There are three extended service and warranty options offered for
the spectrum analyzer that go beyond the basic one-year cover-
age. Contact your local Tekironix Field Office or represeantative for
details.

Option M1: Two routine calibrations to published spacifica-
tions in years two and thres, respactively, of warranty
coverage, plus iwo years remedial service.

Option M2: Four years remedial service.
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Option M3: Four routine calibrations to published specifica-
tions in years two, thres, four, and five, respectively, of
product ownershlp, plus four years of remedial service.

Option 02 (Frequency Counter)

Option 02 adds an internal frequency counter for precise frequency
measurements with readout resolution selectable between 1 Hz
and 1 kHz. The counter is automatically activated whenever the
[CTR-MEAS/TRKG] key is pressed (see section 5 of this manual
for detalls).

Option 03 (GPIB Communications Port)

Option 03 adds a GPIB parallel communications port, which
conforms to the IEEE 488.1 - 1978 standard, and a Programmer
Manual. The port is activaled and configured via the UTIL Menu.
The porl connector is located on the rear panel of the 2711.

For programming instructions, see your 2717 Programmer
Manual. Connector terminations may be found in the Program-
mer Manual or in the External Input and Oulput section of this
manual. To configure the GPIB port, see System Configuration
in section 6 of this manual.

Option 04 (Tracking Generator)

Optlon 04 adds an internal Tracking Generator (TG) to the Spec-
trum Analyzer package. The Tracking Generator produces a
variable amplitude sinusoidal signal. The frequency of the TG
signal closely matches, or tracks, the frequency window of the
Spectrum Analyzer. The TG is used most often to measure the
frequency response of two-port davices.

See the Using The Tracking Generator in section 6 of this
manual for operating instructions.
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Option 07 (Low Cost Inverier/Battery Pack)

Option 07 supplies a Tektronix 2704 DC-to-AC Inverter, 2705 Bat-
tery Pack, Instruction Manual, and necessary mounting hardware.
This option allows operation of the Spectrum Analyzer in locations
where AC power is not available. The 2705 provides approxi-
mately one hour of operation when used with the 2704 Inverter and
2711 Spectrum Analyzer, Operating time can be extended by
using additional 2705 Battery Packs, or allernate 12 VDC sources.
The Invarter also contains a charger and an auxlliary 18 VDC
output to power external devices such as Low Noise Block Down
Converters (LNB) used in sateliite downlink applications.

Option 08 (RS-232 Communicalions Port)

Oplion 08 adds an RS-232 serial communications port and a
Programmer's Manual. This port conforms closely to the IEEE
P1174.232 Draft Standard which defines the features and func-
tions of the RS-232 interface as it applies to instrument systems.
Howaever, it does not necessarily comply with the three-level
protocol presently proposed. The port is activated and configured
via the UTIL Menu. The DB-9 port conneclor is located on the rear
panel of the 2711.

For programming instructlons, see your 2777 Programmer
Manual. Connector terminations may be found In the Program-
mer Manualor in the External Input and Oulput section of this
manual. To configure the RS-232 pot, see System Configura-
tlon in section 6 of this manual.

Optlon 10 (Video Monitor)

Option 10 provides raster-scan video monitor capabilities. The
video signal must conform to a recognized standard (NTSC, PAL,
or SECAM). The monitor will not descramble suppressed sync or

otherwise scrambled signals. See Video Demodulation in section
6.
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Option 15 (TV Sideband Analyzer Interface)

Option 15 provides an interface for the Tektronix 1405 TV Side-
band Analyzer. The 1st L.O. is buftered, routed to J101 on the
2711 rear panel, and terminated in 50 Q. The 2711/1405 combina-
tion enables you to quickly and conveniently measure TV modula-
torAransmitter frequency responses.

Option 30 (Rackmount Adapter)

Option 30 provides the hardware for installing the 2711 Spectrum
Analyzer in a standard 19-inch (483 mm) rack. The rackmount
adapter requires minimum vertical space of 5.25 inches (133 mm).
An alternate cradle-mount adapter s also available — see Option
34. The Spectrum Analyzer meets all electrical and environmental
specifications when it is mounted according to the procedures
accompanying Option 30,

Option 33 (Travel Line)

Option 33 provides a Travel Line package including a rain cover,
accessory pouch, gray CRT filter, and carrying strap.

Optlon 34 (Cradle Type Rackmount Adapter)

Option 34 consists of a front panel mask and rack mounted cradle
which adapts the 2711 to a standard 19 inch (483 mm) rack. The
adapter requires 7 inches (178 mm) of vertical rack space. Instal-
lation instructions accompany Option 34.

This option preserves the portability of the analyzer. Slide assem-
blies are provided for fronl access to, and easy removal of, the
analyzer,
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2711 1-6
75 ohm source 6-8 back pane!
backspace key ( BKSP)

A

(Al [B], [C], [D] 5-21
About The 2711 1-6
AC Power Source X
accessories D-1
accessory connector 7-3
Accommodating a 75 Ohm

Source 6-8
Accommodating External

Amplification/Attenuation  6-7
ACQUIRE KEY STROKES  6-114

activating registers 5-21
AdJusting the Tracking 6-74
Aligning the Display 6-101
alignment, trace 5-37
AM DEMODULATOR 6-66
AM VOL 4-11
AM/FM signal source A1
amplification/attenuation

exlernal 6-7
amplitude normalizalion 6-86
amplitude relaled characteristics 2-5
amplitude scale 5-15
amplitude, tracking generator  6-73
antenna correction factors 6-19
antenna table 6-19
antennas A-1
Applicalions (APPL)

Menu 4-22, 6-51
arrow keys 3-10, 4-13
AUDIO ALERT 6-93
(AUTO], RES BW 4-13,5-13
[AUTO], SWEEP 4-13, 5-18

bandwidth, occupied

baud rate, RS-232

bold text

box, settings

brackets, square
brightness

BROADCAST (AM) VIDEO
built-in calibrator

cable TV signal
calibrator

CAUTION

center measure
changing frequency
changing paramelers

4-14
4-8, 6-4
6-59
6-90
1-3

1-2

13
5-37
6-67
3-12

A-1
3-12
Ix
5-31
3-19
6-2

Changing Reference Level

Units
chassis/signal ground
checkout
comm pori, configuring
communications conneclor
Conflguring the

Communications Port
connector, accessory
connector, communications
conneclors
contrast-enhancing filter
Conirol Panel Baslcs
control

frequency

marker

reference leval

6-7
7-5
3-4
6-88
7-8

6-88
7-3

7-8

4-3, 4-14
5-37
3-10

5-5
5-28
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register 5-21

resolution BW 5-10

span per division 5-2

sweep rate 5-16

vertical scale 5-15
controlling readouls 5-36
controls

dedicated 5-1

fundamental 4-6, 5-1

overview 4-3

software 6-1
conventions, typographical 1-3
cooling Xii, 3-2
corrections, frequency 6-94
(CTR-MEAS/TRKG] 5-31

D

DANGER ix
data bits, RS-232 6-90
data readout 3-9
dale and time 6-96
DBUV/M 6-13
DC Power Source X
decibel - voltage values 6-17
dedicated controls 5-1
default settings 3-7
delta (D) marker mode 5-29
demodulation, video 6-67
Demodulator/Tracking

Generator {DEMOD/TG)

Menu 4-23, 6-65
deviation, frequancy 6-63
Diagnostics
and Adjustments 6-100
directory, file 6-97
Display (DSPL) Manu 4-24, 6-34
display brightness 5-37

2711 User Manual

DISPLAY MESSAGE 6-115
display register control 4-9
display screen, description 4-1
display storage 4-9, 5-21

display storage function block  4-9

display, aligning 6-101
display, max/min 3-9
display, waterfalt 5-25
dot key {.) 4-8
E

EDITING BUFFER 6-19
Electrical Characteristics 2-1
Enhanced Versatility 5-10
Environmental Specifications 2-13
eIror messages B-1
exit, menu 6-4
external video signal 7-4
external amplification/

attenualion 6-7
external input/output (I/0) 741
external pad 6-11
external trigger 6-108, 7-2

F

factory default settings 3-7
feature status indicator 6-2
field strength 6-13
file directory 6-97
file names 6-98
file system 6-97
filas, protacting 6-99
finding signal peaks 5-35
FINE 4-7
first local oscillator 7-1
first measurement 3-13
first mixer input 6-11
FM DEMODULATOCR 6-65
FM DEVIATION MODE 6-63



FM VOL 4-11
fragile settings C-4
FREE RUN 6-106
FREQ 4-6
FREQ/MKRS 4-4,5-5,5-28
FREQ/MKRS knob 3-19,55
fraquency accuracy 5-32
frequency control 3-19, 5-5
frequency corractions 6-94
frequency devlation 6-63
frequency domain 15
frequency normalization 6-86
frequency related

characteristics 2-2
frequency response (sample) 6-78
frequency, start/stop 6-22
frequency/marker

functlon block 4-4
function blocks 3-10
function keys, dedicated 3-10
function status indicators 3-10
fundamental analyzer controls  4-6
fundamental controls 5-1
fuse Xii

G

gate, sweep 7-5
general characteristics 2-10
generator, tracking _ 6-69
Gelling Acquainted With

Your Instrument 3-1
global resets C-1
GPIB Configuration 6-88
ground, ext signal/chassis 7-5
grounding X

2711 User Manual

H
holdoff, sweap 6-96
HORIZ POS 5-37, 6-101
horizontal sweep position 5-20
|
immediate entry mode 3-16
immediate frequency
entry mode 5-7
immediate reference lavel
eniry mode 5-8
immediate span/div entry mode 5-3
impedance, source 6-8
inclement weather xil
Increasing sensilivity 6-21
initial checkout 3-4
Initial Normalization 3-6
Input (INPUT) Menu 4-27,65
input power xi
Inpul, external video 7-3

input/output (FO) conneclors 7-1
input/output signal

characteristics 2-7
Installation 3-2
installed oplions 6-99
Instantaneous frequency

deviation 6-63

Instrument Configuration, 6-93
Instrument Diagnostics and
Adjusiments 6-101
INTENSITY 4-11,5-37
interface, sideband analyzer 71
internal trigger 6-107
Introduction 1-1



J
J101 — TV Sideband Analyzer
Interface 7-1
J102 — Extarnal Trigger 7-2

J103 — Accessory Connector 7-3
J104 — Digltal Communications

Port 7-8
K
K-factors 6-19
keypad 4-8
KEYPAD ENTERED
SETTINGS 6-79
keys, terminator 6-4
knob function, changing 6-24
knob, FREQ/MKRS 3-19, 5-5
L
Last Power-Down Settings  6-81
[LIN], linear scale 4-10, 5-16
line trigger 6-108
Listening to AM
Transmissions 6-66
Listening to FM
Transmissions 6-65
LOGI/LIN scale 5-16
M
mains power x, 7-1
Making Your First
Measurement 3-13
MANUAL SCAN 6-112
manual scan 4-11
marker control 5-28
marker functions 4-5
marker readouts 5-28

marker, next higher/ower peak 6-26
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Marker/Frequency

(MKRFREQ) Menu  4-20, 6-22
markings, equipment ix
[MAX HOLD A & B) 5-27
[MAX), SPAN 5-4
max/min display 3-8
maximum signal levels Xi
maximum span 4-7
maximum values, retaining 5-27
Measuring Occupled

Bandwidths (OBW) 6-59
menu display mode 4-2
menu keys 3-10
menu

APPL 4-22, 6-51

DEMOD/TG 4-23, 6-65

DSPL 4-24, 6-34

INPUT 4-27, 6-5

MKR/FREQ 4-20, 6-22

SWP/TRIG 4-15, 6-106

USER DEF 4-28, 6-113

UTIL 4-16, 6-79
Menu-Entered

Conlrol Settings 6-79
menus 4-3, 6-1
menus, selecting 6-1
messages B-1
microvolt per meter 6-13
minimum loss pad 6-11
Minimum Signal Size 6-94
mixer input 6-11
[MKR/D/OFF] 5-28
MKR/FREQ 6-22
mode-related seftings c-2
mounting, rack 3-2

N

noise averaging filter 5-13
noise floor 3-8
noise power difference 5-12
normalization 3-6, 6-85



NORMALIZATION

SUGGESTED 3-6, 6-85
normalization values C-4
normalizatlons, reference 6-102
normalizations, service 6-101
Normalizing

2711 6-85

Tracking Generator 6-71
numetic keys (0 - 9) 4-8
NVRAM, if lost 6-103

O

occupied bandwidths 6-59
on-screen readouts 4-2

printing 6-105
operation summary 4-1
oplional equipment 2-11
optlions D-1
options, Instailed 6-99
Oscliloscope Trigger Modes 6-106
oulput, video 7-5

P

parameters, changing 6-2
PAUSE FOR

“USER DEF" KEY 6-115
[PEAK FIND) 4-5,5-35
physical characteristics 2-14
[PLOT] 4-10
plotter contiguration 6-91
plotting/printing waveforms  5-35
[POWER] 411
power requirements 2-9
power, mains 7-1
power, turning on 3-5
power-up 3-5
precautions xii, 3-3
precious settings C-2
PRESS "USER DEF"

TO CONTINUE 6-115
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primary controls 3-14
printer configuration 6-192
Printing On-screen
Readouts 6-105
Product Grounding X
Protecting Files 6-99
Protecting Stored Seitings 6-97
R
rack mounting 3-2
ramp, sweep 7-7
[READOUT) 4-10, 5-36
readouls, on-screen 3-9, 4-2
real-time clock 6-96
recalling settings 6-81
Recelving And Unpacking 3-1
[REF LEVEL] 4-8, 5-7
[REF LVL STEP] 4-7,5-9
referencae level 3-14
refarence level control 5-7

Reference Level Units Menu 6-3
reference level units, setting 6-7

reference normalizations 6-102
register control 5-21
register status indicators 3-10
Repackaging And Storing 3-1
repeating UDPs 6-116
RES BW 5-10
RES BW arrow keys 4-13
RES BW function block 4-12
RES BW, [AUTO] 4-13
resels C-1
resolution bandwidth 1-5, 3-18
resolution BW conlrol 4-12, 5-10
resolve 1-5
resolving signals 5-11
Restloring the Factory Default
Settings 3-7
RF attenuation, controlling 6-6
RF INPUT 4-13
RS-232 Configuration 6-90



S
safety iX
SATELLITE (FM) VIDEO 6-67
[SAVE ENABLE] 5-23
saving data 5-23
scan, manual 1-5
scanning manually 6-112
screen alignment 5-37

Screen Plotter Configuration 6-91

screen, Initial display 3-8
selecting menus 6-1
self test 35
Sending Waveforms To

a Compuler 6-94
sensilivity, increasing 6-21
Service Normalizations 6-101
service requast (SRQ) 6-104
Setting the RF Attenuation 6-6
Setting the Tracking Generator

Amplitude 6-73
setlings

fragile C-4

mode-related C-2

precious C-2
settings box 1-2
settings, keypad entry 6-79
short holdoif 6-96
sideband analyzer interface 741
signal size 6-94
signal sources A-1
signal track 5-33
signals, resolving 5-11
[SINGLE} 4-12
single sweep 5-19
sofiware controls 6-1
Sounds 3-12
source impadance 6-8
span per division control 5-2
span per division, maximum 5-4
span per division, zero 5-4
{SPAN/DIV] 4-6,5-2
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span/division

specilications
electrical
environmental
physical

SPECTRAL DISPLAY
IN MENUS

spectral display mode

spectrum

spectrum analyzer, defined
spectrum analyzer, heterodyne
spectrum analyzer, scanning

square brackets

STAND BY

start/stop frequencies,
controlling

status indicator, feature

stalus indicators, function

stalus indicators, register

status, changing parameter

step size

stored seltings/displays
storing instrument
summary, operation
SWEEP

SWEEP arrow keys
swaep control

swaep function block
sweep gate

sweep holdolf

sweap plofting/printing
sweep ramp

sweep rate control
sweep rate, setting
SWEEP, [AUTO]
sweep, single
Sweep/Trigger
(SWP/TRIG) Menu
sweeps, saving
System Configuration
System Checkout

1-5, 3-17

2-1
2-13
2-14

6-95
4-2
1-5
1-5
1-5
1-5
1-3
3-5

6-22
6-2
3-10
3-10
6-2
5-9
6-81
3-1
4-1
5-16
4-13
4-12
4-12
75
6-96
5-35
7-7
5-16
6-112
4-13, 5-18
5-19

6-3, 6-106
4-15

5-23

6-87
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T

tabuiar tuning 6-32
terminator keys

W. X, Y,Z) 3-10, 4-8,5-3,5-6
Terms In This Manual ix
Terms Marked On Equipment  ix
TG output level 6-73
TG OUTPUT 4-11
time and date 6-96
time domain 15
toggle-action 3-11
trace alignment 5-37
TRACE ROT 5-37
tracking generator (TG) 6-69
tracking, adjusting 6-74
trigger lavel 6-107
Trigger Modes 6-106
trigger, external 72
TRKG 5-33
tuning increment, selecting 6-27
Turning Frequency

Corrections On and Off 6-94
Turning On the 2711 34
TV field trigger 6-112
TV line trigger 6-109
TV sideband analyzer 71
TV/FM broadcasts A-1
Typographical Conventions 1-3

u

UDPs, repeating 6-116
UNCAL 5-12 ,5-18
units, reference level 6-7
User-Definable

(USER DEF) Menu  4-26, 6-113
User-Defined Power-Up

Settings 6-82
user-defined setlings 6-93

Using External Amplification/
Attenuation Withthe TG  6-76

Using the Tracking Generator6-69

Utility (UTIL) Menu 4-16, 6-79
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Vv
versatility, enhanced 5-10
VERT POS 5-37
VERT SCALE 5-15
verlical scale 4-10
vertical scale control 5-15

vertical scale function block 4-10
VF WIDE, VF (bandwidth) 5-14

[VID FLTR) 4-12,5-13
Video Demoduiation 6-67
video filter 5-13
video filter, manual setting 6-80
video Input 7-3
video output 7-5
voltage limitations Xi
volume, AM/FM 5-20
w

WAIT FOR END

OF SWEEP 6-116
WAIT FOR LIMIT 6-116
WARMUP TIME 15 MIN 35
WARNING Ix
warnings B-1
waterfall mode 5-25
waveforms, computer 6-94
waight 2-14
wet/damp conditions xil

What Is A Spectrum Analyzer? 1-5
Z

[ZERO] SPAN 5-4
zero span 1-5, 4-7






