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WARNING

CAUTION

NOTE

Notice

The information contained in this document is subject to change
without notice.

Agilent Technologies makes no warranty of any kind with regard to this
material, including but not limited to, the implied warranties of
merchantability and fitness for a particular purpose. Agilent
Technologies shall not be liable for errors contained herein or for
incidental or consequential damages in connection with the furnishing,
performance, or use of this material.

Safety Information

The following safety symbols are used throughout this manual.
Familiarize yourself with the symbols and their meaning before
operating this instrument.

Warning denotes a hazard. It calls attention to a procedure
which, if not correctly performed or adhered to, could result in
injury or loss of life. Do not proceed beyond a warning note
until the indicated conditions are fully understood and met.

Caution denotes a hazard. It calls attention to a procedure that, if not
correctly performed or adhered to, could result in damage to or
destruction of the instrument. Do not proceed beyond a caution sign
until the indicated conditions are fully understood and met.

Note calls out special information for the user’s attention. It provides
operational information or additional instructions of which the user
should be aware.

The instruction documentation symbol. The product is
A marked with this symbol when it is necessary for the
user to refer to the instructions in the documentation.

This symbol is used to mark the on position of the
I power line switch.

] This symbol is used to mark the standby position of the
O power line switch.

This symbol indicates that the input power required is
AC.

%




WARNING

WARNING

WARNING

CAUTION

This is a Safety Class 1 Product (provided with a protective
earth ground incorporated in the power cord). The mains plug
shall be inserted only in a socket outlet provided with a
protected earth contact. Any interruption of the protective
conductor inside or outside of the product is likely to make the
product dangerous. Intentional interruption is prohibited.

No operator serviceable parts inside. Refer servicing to
qualified personnel. To prevent electrical shock do not remove
covers.

If this product is not used as specified, the protection provided
by the equipment could be impaired. This product must be used
in a normal condition (in which all means for protection are
intact) only.

Always use the three-prong AC power cord supplied with this product.
Failure to ensure adequate grounding may cause product damage.

Warranty

This Agilent Technologies instrument product is warranted against
defects in material and workmanship for a period of three years from
date of shipment. During the warranty period, Agilent Technologies
will, at its option, either repair or replace products which prove to be
defective.

For warranty service or repair, this product must be returned to a
service facility designated by Agilent Technologies. Buyer shall prepay
shipping charges to Agilent Technologies and Agilent Technologies shall
pay shipping charges to return the product to Buyer. However, Buyer
shall pay all shipping charges, duties, and taxes for products returned
to Agilent Technologies from another country.

Agilent Technologies warrants that its software and firmware
designated by Agilent Technologies for use with an instrument will
execute its programming instructions when properly installed on that
instrument. Agilent Technologies does not warrant that the operation of
the instrument, or software, or firmware will be uninterrupted or
error-free.




LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from
improper or inadequate maintenance by Buyer, Buyer-supplied
software or interfacing, unauthorized modification or misuse, operation
outside of the environmental specifications for the product, or improper
site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. AGILENT
TECHNOLOGIES SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE.

Should Agilent have a negotiated contract with the User and should
any of the contract terms conflict with these terms, the contract terms
shall control.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND
EXCLUSIVE REMEDIES. AGILENT TECHNOLOGIES SHALL NOT
BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON
CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

Where to Find the Latest Information

Documentation is updated periodically. For the latest information about
Agilent Technologies ESA Analyzers, including firmware upgrades and
application information, please visit the following Internet URL.:

http://www.agilent.com/find/esa

Microsoft® is a U.S. registered trademark of Microsoft Corporation.

BluetoothO is a trademark owned by its proprietor and used under
license.
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Making Basic Measurements
What is in This Chapter

What is in This Chapter

This chapter demonstrates basic analyzer measurements with
examples of typical measurements; each measurement focuses on
different functions. The measurement procedures covered in this
chapter are listed below.

- “Comparing Signals” on page 12.

- “Resolving Signals of Equal Amplitude” on page 16.

-« “Resolving Small Signals Hidden by Large Signals” on page 21.
- “Making Better Frequency Measurements” on page 25.

- “Decreasing the Frequency Span Around the Signal” on page 27.
- “Tracking Drifting Signals” on page 30.

- “Measuring Low Level Signals” on page 37.

- *“ldentifying Distortion Products” on page 45.
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= “Measuring Signal-to-Noise” on page 53.

- “Making Noise Measurements” on page 55.

- “Demodulating AM Signals (Using the Analyzer As a Fixed Tuned
Receiver)” on page 64.

- “Demodulating FM Signals (Without Option BAA)” on page 70.

To find descriptions of specific analyzer functions, refer to the Agilent
Technologies ESA Series Spectrum Analyzers User’s Guide.

10 Chapter 1



Test Equipment

Making Basic Measurements
What is in This Chapter

Test Equipment

Specifications

Recommended Model

Signal Sources

Signal Generator (2)

0.25 MHz to 4.0 GHz
Ext Ref Input

E4433B or E443XB
series

Adapters
Type-N (m) to BNC (f) (3) 1250-0780
Termination, 50 Q 908A
Type-N (m)
Cables
(3) BNC, 122-cm (48-in) 10503A
Miscellaneous
Directional Bridge 86205A
Bandpass Filter Center Frequency:

200 MHz

Bandwidth: 10 MHz
Lowpass Filter (2) Cutoff Frequency: 0955-0455

300 MHz

RF Antenna

08920-61060

Chapter 1
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Making Basic Measurements
Comparing Signals

Comparing Signals

Using the analyzer, you can easily compare frequency and amplitude
differences between signals, such as radio or television signal spectra.
The analyzer delta marker function lets you compare two signals when
both appear on the screen at one time or when only one appears on the
screen.

Signal Comparison Example 1:

Measure the differences between two signals on the same display
screen.

1. Perform a factory preset by pressing Preset, Factory Preset
(if present).

2. Connect the 10 MHz REF OUT from the rear panel to the
front-panel INPUT.

3. Set the center frequency to 30 MHz by pressing FREQUENCY,
Center Freq, 30, MHz.
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4. Set the span to 50 MHz by pressing SPAN, Span, 50, MHz.

5. Set the reference level to 10 dBm by pressing AMPLITUDE, Ref Level,
10, dBm.

The 10 MHz reference signal appears on the display.

6. Press Peak Search to place a marker at the highest peak on the
display. (The Next Pk Right and Next Pk Left softkeys are available to
move the marker from peak to peak.) The marker should be on the
10 MHz reference signal. See Figure 1-1.

12 Chapter 1



Making Basic Measurements
Comparing Signals

Figure 1-1 Placing a Marker on the 10 MHz Signal
3 Agilent  88:19:48 Jan 38, 2001
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7. Press Marker, Delta, to activate a second marker at the position of the
first marker.
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8. Move the second marker to another signal peak using the
front-panel knob, or by pressing Peak Search and then either
Next Pk Right or Next Pk Left. Next peak right is shown in Figure 1-2.

The amplitude and frequency difference between the markers is
displayed in the active function block and in the upper right corner
of the screen. See Figure 1-2.

9. The resolution of the marker readings can be increased by turning
on the frequency count function. For more information refer to
“Making Better Frequency Measurements” on page 25.

10.Press Marker, Off to turn the markers off.

Chapter 1 13
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Comparing Signals

Figure 1-2 Using the Marker Delta Function
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Signal Comparison Example 2:
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Measure the frequency and amplitude difference between two signals
that do not appear on the screen at one time. (This technique is useful
for harmonic distortion tests when narrow span and narrow bandwidth
are necessary to measure the low level harmonics.)

1. Perform a factory preset by pressing Preset, Factory Preset (if
present).

2. Connect the 10 MHz REF OUT from the rear panel to the
front-panel INPUT.

3. Set the center frequency to 10 MHz by pressing FREQUENCY,
Center Freq, 10, MHz.

4. Set the span to 5 MHz by pressing SPAN, 5, MHz.

5. Set the reference level to 10 dBm by pressing AMPLITUDE, Ref Level,
10, dBm.

The 10 MHz reference signal appears on the display.
6. Press Peak Search to place a marker on the peak.

7. Press Marker -, Mkr - CF Step to set the center frequency step size
equal to the frequency of the fundamental signal.

8. Press Marker, Delta to anchor the position of the first marker and
activate a second marker.

9. Press FREQUENCY, Center Freq, and the (1) key to increase the center
frequency by 10 MHz. The first marker moves to the left edge of the
screen, at the amplitude of the first signal peak. See Figure 1-3.

14 Chapter 1



Making Basic Measurements
Comparing Signals

10.Press Peak Search to place the second marker on the highest signal
with the new center frequency setting. See Figure 1-3.

The annotation in the upper right corner of the screen indicates the
amplitude and frequency difference between the two markers.

11. To turn the markers off, press Marker, Off.

Figure 1-3 Frequency and Amplitude Difference Between Signals
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Making Basic Measurements
Resolving Signals of Equal Amplitude

Resolving Signals of Equal Amplitude

Two equal-amplitude input signals that are close in frequency can
appear as a single signal trace on the analyzer display. Responding to a
single-frequency signal, a swept-tuned analyzer traces out the shape of
the selected internal IF (intermediate frequency) filter. As you change
the filter bandwidth, you change the width of the displayed response. If
a wide filter is used and two equal-amplitude input signals are close
enough in frequency, then the two signals will appear as one signal. If a
narrow enough filter is used, the two input signals can be discriminated
and will appear as separate peaks. Thus, signal resolution is
determined by the IF filters inside the analyzer.

The bandwidth of the IF filter tells us how close together equal
amplitude signals can be and still be distinguished from each other. The
resolution bandwidth function selects an IF filter setting for a
measurement. Typically, resolution bandwidth is defined as the 3 dB
bandwidth of the filter. However, resolution bandwidth may also be
defined as the 6 dB or impulse bandwidth of the filter.

Generally, to resolve two signals of equal amplitude, the resolution
bandwidth must be less than or equal to the frequency separation of the
two signals. If the bandwidth is equal to the separation and the video
bandwidth is less than the resolution bandwidth, a dip of
approximately 3 dB is seen between the peaks of the two equal signals,
and it is clear that more than one signal is present. See Figure 1-7.

In order to keep the analyzer measurement calibrated, sweep time is
automatically set to a value that is inversely proportional to the square

of the resolution bandwidth (1/BW2 for resolution bandwidths = 1 kHz).
So, if the resolution bandwidth is reduced by a factor of 10, the sweep
time is increased by a factor of 100 when sweep time and bandwidth
settings are coupled. Sweep time is also a function of the type of
detection selected (peak detection is faster than sample or average
detection). For the shortest measurement times, use the widest
resolution bandwidth that still permits discrimination of all desired
signals. Sweeptime is also a function of which Detector is in use, Peak
detector sweeps more quickly than Sample or Average detector. The
analyzer allows you to select from 1 kHz to 3 MHz resolution
bandwidths in a 1, 3, 10 sequence and select a 5 MHz resolution
bandwidth. In addition you can select the CISPR bandwidths (9 kHz,
and 120 kHz) for maximum measurement flexibility.

16 Chapter 1



Figure 1-4

Making Basic Measurements

Resolving Signals of Equal Amplitude

Option 1DR adds narrower resolution bandwidths, from 10 Hz to

300 Hz, in a 1-3-10 sequence and 200 Hz CISPR bandwidth. These
bandwidths are digitally implemented and have a much narrower
shape factor than the wider, analog resolution bandwidths. Also, the
auto coupled sweep times when using the digital resolution bandwidths
are much faster than analog bandwidths of the same width. For
analyzers with Option 1DR, firmware revision A.08.00 and greater, and
Option 1D5 which adds a high-stability frequency precision reference to
the analyzer, resolution bandwidths of 1 Hz and 3 Hz are also available.

Resolving Signals Example:

Resolve two signals of equal amplitude with a frequency separation of

100 kHz.

1. Connect two sources to the analyzer input as shown in Figure 1-4.

Setup for Obtaining Two Signals

SPECTRUM
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pl790b

2. Set one source to 300 MHz. Set the frequency of the other source to
300.1 MHz. The amplitude of both signals should be approximately
—20 dBm at the output of the bridge.

3. Set the analyzer as follows:

a. Press Preset, Factory Preset (if present).

b. Set the center frequency to 300 MHz by pressing FREQUENCY,
Center Freq, 300, MHz.

c. Set the span to 2 MHz by pressing SPAN, Span, 2, MHz.

d. Set the resolution bandwidth to 300 kHz by pressing BW/Avg,

Res BW, 300, kHz.

A single signal peak is visible. See Figure 1-5.

Chapter 1
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Making Basic Measurements
Resolving Signals of Equal Amplitude

NOTE If the signal peak is not present on the display, do the following:

1. Increase the span to 20 MHz by pressing SPAN, Span, 20, MHz.
The signal should be visible.

2. Press Peak Search, FREQUENCY, Signal Track (On)
3. Press SPAN, 2, MHz to bring the signal to center screen.

4. Press FREQUENCY, Signal Track (Off)

Figure 1-5 Unresolved Signals of Equal Amplitude
i Agilent  18:@5:22 Oct 22, 2081
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4. Since the resolution bandwidth must be less than or equal to the
frequency separation of the two signals, a resolution bandwidth of
100 kHz must be used. Change the resolution bandwidth to 100 kHz
by pressing BW/Avg, Res BW, 100, kHz. The peak of the signal has
become flattened indicating that two signals may be present as
shown in Figure 1-6. Use the knob or step keys to further reduce the
resolution bandwidth and better resolve the signals.
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Resolving Signals of Equal Amplitude

Figure 1-6 Resolving Signals of Equal Amplitude Before Reducing the
Video Bandwidth

i Agilent  18:96:52 Oct 22, 2061
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Decrease the video bandwidth to 10 kHz, by pressing Video BW, 10,
kHz. Two signals are now visible as shown in Figure 1-7. Use the
front-panel knob or step keys to further reduce the resolution
bandwidth and better resolve the signals.
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Figure 1-7 Resolving Signals of Equal Amplitude After Reducing the Video
Bandwidth

a5 Agilent  10:24:83 Oct 22, 2601
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NOTE

Making Basic Measurements
Resolving Signals of Equal Amplitude

As the resolution bandwidth is decreased, resolution of the individual
signals is improved and the sweep time is increased. For fastest
measurement times, use the widest possible resolution bandwidth.
Under factory preset conditions, the resolution bandwidth is “coupled”
(or linked) to the span.

Since the resolution bandwidth has been changed from the coupled
value, a # mark appears next to Res BWin the lower-left corner of the
screen, indicating that the resolution bandwidth is uncoupled. (For
more information on coupling, refer to the Auto Couple key description
in the Agilent Technologies ESA Spectrum Analyzers User’s Guide.)

To resolve two signals of equal amplitude with a frequency separation of
200 kHz, the resolution bandwidth must be less than the signal
separation, and resolution of 100 kHz must be used. The next larger
filter, 300 kHz, would exceed the 200 kHz separation and would not
resolve the signals.

20 Chapter 1



Figure 1-8
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Resolving Small Signals Hidden by Large Signals

Resolving Small Signals Hidden by Large
Signals

When dealing with the resolution of signals that are close together and
not equal in amplitude, you must consider the shape of the IF filter of
the analyzer, as well as its 3 dB bandwidth. (See “Resolving Signals of
Equal Amplitude” on page 16 for more information.) The shape of a
filter is defined by the selectivity, which is the ratio of the 60 dB
bandwidth to the 3 dB bandwidth. (Generally, the IF filters in this
analyzer have shape factors of 15:1 or less for resolution bandwidths

> 1kHz and 5:1 or less for resolution bandwidths < 300 Hz). If a small
signal is too close to a larger signal, the smaller signal can be hidden by
the skirt of the larger signal. To view the smaller signal, you must select
a resolution bandwidth such that the separation between the two
signals (a) is greater than half the filter width of the larger signal (k)
measured at the amplitude level of the smaller signal. See Figure 1-8.

Resolution Bandwidth Requirements for Resolving Small
Signals

—— 0——»

bb91a

Resolving Signals Example:

Resolve two input signals with a frequency separation of 155 kHz and
an amplitude separation of 60 dB.

1. Connect two sources to the analyzer input as shown in Figure 1-9.
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Making Basic Measurements
Resolving Small Signals Hidden by Large Signals

Figure 1-9 Setup for Obtaining Two Signals
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2. Set one source to 300 MHz at -10 dBm.

3. Set the second source to 300.155 MHz, so that the signal is 155 kHz
higher than the first signal. Set the amplitude of the signal to
—70 dBm (60 dB below the first signal).

4. Set the analyzer as follows:

a. Press Preset, Factory Preset (if present).
b. Set the center frequency to 300 MHz by pressing FREQUENCY,
Center Freq, 300, MHz.
c. Set the span to 2 MHz by pressing SPAN, Span, 2, MHz.
NOTE If the signal peak is not present on the display, do the following:

1. Increase the span to 20 MHz by pressing SPAN, Span, 20, MHz.
The signal should now be visible.

2. Press Peak Search, FREQUENCY, Signal Track (On)
3. Press SPAN, 2, MHz to bring the signal to center screen.

4. Press FREQUENCY, Signal Track (Off)

5. Set the 300 MHz signal to the reference level by pressing Mkr - and
then Mkr - Ref Lvl.

If a 10 kHz filter with a typical shape factor of 15:1 is used, the filter
will have a bandwidth of 150 kHz at the 60 dB point. The
half-bandwidth (75 kHz) is narrower than the frequency separation,
so the input signals will be resolved. See Figure 1-10.
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Figure 1-10  Signal Resolution with a 10 kHz Resolution Bandwidth
“ Aglent  10:50:25 Oct 22, 2001
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6. Place a marker on the smaller signal by pressing Marker, Delta,
Peak Search, Next Pk Right. Refer to Figure 1-11.
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Figure 1-11  Signal Resolution with a 10 kHz Resolution Bandwidth
4 Agilent  10:53:03 Oct 22, 2001

-17.55 dBm Atten 5 dB
3

Marker a
155.80@ kHz
-59.87 dB i

H}i“ Iilr- wlabd | A & \Il “l
I"' lll‘"}l‘lll I‘ |.,'Jf|l| gl W Jn’l II,-.Hh““ I \|,| I|| I \II#H " ’ﬁll ||

W
W L ﬂf»'\ v 11H”w1’; i "H.",]\"I,I![.\'|i.‘i"#trI‘I.""\%.'ﬂ.,-"“ﬂ;u.

VBH 18 kHz

7. Set the resolution bandwidth to 30 kHz by pressing BW/Avg, Res BW,
30, kHz.
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When a 30 kHz filter is used, the 60 dB bandwidth could be as wide
as 450 kHz. Since the half-bandwidth (225 kHz) is wider than the
frequency separation, the signals most likely will not be resolved.
See Figure 1-12. (In this example, we used the 60 dB bandwidth
value. To determine resolution capability for intermediate values of
amplitude level differences, assume the filter skirts between the

3 dB and 60 dB points are approximately straight.)

Figure 1-12  Signal Resolution with a 30 kHz Resolution Bandwidth
% Aglent  10:54:31 Oct 22, 2001
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Making Better Frequency Measurements

A built-in frequency counter increases the resolution and accuracy of
the frequency readout. When using this function, if the ratio of the
resolution bandwidth to the span is too small (less than 0.002), the
Mar ker Count: Wden Res BWmessage appears on the display. It
indicates that the resolution bandwidth is too narrow.

Better Frequency Measurement Example:

Increase the resolution and accuracy of the frequency readout on the
signal of interest.

1. Perform a factory preset by pressing Preset, Factory Preset (if
present).

2. Turn on the internal 50 MHz amplitude reference signal of the
analyzer as follows:

= For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

< For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).
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3. Set the center frequency to 50 MHz by pressing FREQUENCY,
Center Freq, 50, MHz.

4. Set the span to 80 MHz by pressing SPAN, Span, 80, MHz.

5. Press Freq Count. (Note that Marker Count has On underlined turning
the frequency counter on.) The frequency and amplitude of the
marker and the word Mar ker will appear in the active function area
(this is not the counted result). The counted result appears in the
upper-right corner of the display.

6. Move the marker, with the front-panel knob, half-way down the skirt
of the signal response. Notice that the readout in the active
frequency function changes while the counted frequency result
(upper-right corner of display) does not. See Figure 1-13. To get an
accurate count, you do not need to place the marker at the exact
peak of the signal response.

NOTE Marker count properly functions only on CW signals or discrete spectral
components. The marker must be >26 dB above the noise.
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7. Increase the counter resolution by pressing Resolution and then
entering the desired resolution using the step keys or the numbers
keypad. For example, press 10, Hz. The marker counter readout is in
the upper-right corner of the screen. The resolution can be set from
1 Hz to 100 kHz.

8. The marker counter remains on until turned off. Turn off the marker
counter by pressing Freq Count, then Marker Count (Off). Marker, Off
also turns the marker counter off.

Figure 1-13  Using Marker Counter
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Decreasing the Frequency Span Around the
Signal

Using the analyzer signal track function, you can quickly decrease the
span while keeping the signal at center frequency. This is a fast way to
take a closer look at the area around the signal to identify signals that
would otherwise not be resolved.

Decreasing the Frequency Span Example:
Examine a signal in a 200 kHz span.

1. Perform a factory preset by pressing Preset, Factory Preset (if
present).

2. Turn on the internal 50 MHz amplitude reference signal of the
analyzer as follows:

- For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

= For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).
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3. Set the start frequency to 20 MHz by pressing FREQUENCY,
Start Freq, 20, MHz.

4. Set the stop frequency to 1 GHz by pressing FREQUENCY, Stop Freq,
1, GHz.

5. Press Peak Search to place a marker at the peak. See Figure 1-14.
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Decreasing the Frequency Span Around the Signal

Figure 1-14  Detected Signal
3 Agilent  08:55:34 Jan 38, 2001 L
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6. Turn on the frequency tracking function by press FREQUENCY and
Signal Track and the signal will move to the center of the screen, if it
is not already positioned there. See figure Figure 1-15. (Note that
the marker must be on the signal before turning signal track on.)

Because the signal track function automatically maintains the
signal at the center of the screen, you can reduce the span quickly for
a closer look. If the signal drifts off of the screen as you decrease the
span, use a wider frequency span. (You can also use Span Zoom, in
the SPAN menu, as a quick way to perform the Peak Search,
FREQUENCY, Signal Track, SPAN key sequence.)

Figure 1-15 Signal with Signal Tracking On

5 Agilent  14:07:25 Nov 1, 2001
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7. Reduce span and resolution bandwidth to zoom in on the marked
signal by pressing SPAN, Span, 200, kHz.
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If the span change is large enough, span will decrease in steps as
automatic zoom is completed. See Figure 1-16. You can also use the
front-panel knob or step keys to decrease the span and resolution
bandwidth values.

8. Press FREQUENCY, Signal Track (so that Off is underlined) to turn off
the signal track function.

Figure 1-16  After Zooming In on the Signal
i Agilent  09:03:37 Jan 30, 2001 L
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Tracking Drifting Signals

The signal track function is useful for tracking drifting signals that
drift relatively slowly. To place a marker on the signal you wish to
track, use Peak Search. Pressing FREQUENCY, Signal Track (On) will
bring that signal to the center frequency of the graticule and adjust the
center frequency every sweep to bring the selected signal back to the
center. A quick way to perform the Peak Search, FREQUENCY,

Signal Track, SPAN key sequence is to use the Span Zoom key in the SPAN
menu.

Note that the primary function of the signal track function is to track
unstable signals, not to track a signal as the center frequency of the
analyzer is changed. If you choose to use the signal track function when
changing center frequency, check to ensure that the signal found by the
tracking function is the correct signal.

Tracking Signal Drift Example 1:

Use the signal track function to keep a drifting signal at the center of
the display and monitor its change.

This example requires a signal generator. The frequency of the signal
generator will be changed while you view the signal on the display of
the analyzer.

1. Connect a sighal generator to the analyzer input.

2. Set the signal generator frequency to 300 MHz with an amplitude of
-20 dBm.

3. Set the analyzer as follows:
a. Press Preset, Factory Preset (if present).

b. Set the center frequency to 300 MHz by pressing FREQUENCY,
Center Freq, 300, MHz. See Figure 1-17.
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Figure 1-17  Signal With Default Span
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4. Press Peak Search.

5. Set the span to 10 MHz by pressing SPAN, Span, 10, MHz.
See Figure 1-18.
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Figure 1-18  Signal With 10 MHz Span
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6. Press SPAN, Span Zoom, 500, kHz.

Notice that the signal has been held in the center of the display.
See Figure 1-19.
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Figure 1-19  Signal With 500 kHz Span
W Agilent  09:16:27 Jan 38, 2001 L
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7. Tune the frequency of the signal generator in 10 KHz increments.
Notice that the center frequency of the analyzer also changes in
10 kHz increments, centering the signal with each increment.
See Figure 1-20. Note that the center frequency has changed.
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Figure 1-20 Using Span Zoom to Track a Drifting Signal
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8. The signal frequency drift can be read from the screen if both the
signal track and marker delta functions are active. Set the analyzer
and signal generator as follows:

a. Press Marker, Delta.

b. Tune the frequency of the signal generator. The marker readout
indicates the change in frequency and amplitude as the signal
drifts. See Figure 1-21.

Figure 1-21 Using Signal Tracking to Track a Drifting Signal
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Tracking Signal Drift Example 2:

The analyzer can measure the short- and long-term stability of a
source. The maximum amplitude level and the frequency drift of an
input signal trace can be displayed and held by using the
maximum-hold function. You can also use the maximum hold function if
you want to determine how much of the frequency spectrum a signal
occupies.

1. Connect a signal generator to the analyzer input.

2. Set the signal generator frequency to 300 MHz with an amplitude of
-20 dBm.

3. Set the analyzer as follows:
a. Press Preset, Factory Preset (if present).

b. Set the center frequency to 300 MHz by pressing FREQUENCY,
Center Freq, 300, MHz. See Figure 1-22.
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Figure 1-22  Signal With Default Span

A I
,..-“h,.J |J"‘n'I"-J"u\'i'||"\|‘-.|'"'-J'iI"'1l,'|“h,\-'ﬂ;.‘r'-,'._.f'.'-'g\.r.-‘l'“*r""qull '-"«r""n“-i"..f"’-.l"-"‘-r

4. Press Peak Search.

5. Set the span to 10 MHz by pressing SPAN, Span, 10, MHz. See
Figure 1-23.

Figure 1-23  Signal With 10 MHz Span
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6. Press SPAN, Span Zoom, 500, kHz.

Notice that the signal has been held in the center of the display. See
Figure 1-24.

34 Chapter 1



Making Basic Measurements
Tracking Drifting Signals

Figure 1-24 Slgnal With 500 KHz Span
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7. Turn off the signal track function by pressing FREQUENCY,
Signal Track (Off).

<
Q
Z.
>
(o]
oy}
QO
@,
(9]
<
0]
QD
%]
c
=
@
3
[
>
—
2]

8. To measure the excursion of the signal, press Trace/View, Max Hold.
As the signal varies, maximum hold maintains the maximum
responses of the input signal.

Annotation on the left side of the screen indicates the trace mode.
For example, ML S2 S3 indicates trace 1 is in maximum-hold mode,
trace 2 and trace 3 are in store-blank mode.

9. Press Trace/View, Trace, to select trace 2. (Trace 2 is selected when 2
is underlined.)

10.Press Clear Write to place trace 2 in clear-write mode, which displays
the current measurement results as it sweeps. Trace 1 remains in
maximum hold mode, showing the frequency shift of the signal.

11. Slowly change the frequency of the signal generator + 50 kHz in
1 kHz increments. Your analyzer display should look similar to
Figure 1-25.
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Figure 1-25 Viewing a Drifting Signal With Max Hold and Clear Write
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Measuring Low Level Signals

The ability of the analyzer to measure low level signals is limited by the
noise generated inside the analyzer. A signal may be masked by the
noise floor so that it is not visible. This sensitivity to low level signals is
affected by the measurement setup.

The analyzer input attenuator and bandwidth settings affect the
sensitivity by changing the signal-to-noise ratio. The attenuator affects
the level of a signal passing through the instrument, whereas the
bandwidth affects the level of internal noise without affecting the
signal. In the first two examples in this section, the attenuator and
bandwidth settings are adjusted to view low level signals.

If, after adjusting the attenuation and resolution bandwidth, a signal is
still near the noise, visibility can be improved by using the video
bandwidth and video averaging functions, as demonstrated in the third
and fourth examples.

Measuring Low Level Signals Example 1:

If a signal is very close to the noise floor, reducing input attenuation
brings the signal out of the noise. Reducing the attenuation to 0 dB
maximizes signal power in the analyzer.

The total power of all input signals at the analyzer input must not
exceed the maximum power level for the analyzer.

1. Connect a signal generator to the analyzer input.

2. Set the signal generator frequency to 300 MHz with an amplitude of
-80 dBm.

3. On the analyze, perform a factory preset by pressing Preset,
Factory Preset (if present).

4. Set the center frequency of the analyzer to 300 MHz by pressing
FREQUENCY, Center Freq, 300, MHz.

5. Set the span to 5 MHz by pressing SPAN, Span, 5, MHz.

6. Set the reference level to —40 dBm by pressing AMPLITUDE, Ref Level,
—40, dBm.

7. Place the signal at center frequency by pressing Peak Search,
Marker -, Mkr - CF.

8. Reduce the span to 1 MHz. Press SPAN, Span, and then use the
step-down key (1) until the span is set to 1 MHz. See Figure 1-26.
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Figure 1-26  Low-Level Signal

i Agilent  09:39:29 Mar 2, 1999
Mkrl 300.006 MHz
Ref -40 dBm Atten 5 dB -82.36 dBm

NN
vaker ||| 4 |||
EI-.I-.=

I
O AL A LAY

Res BH 16 kHz VBH 10 kHz Sw wp 27’ S ms

9. Press AMPLITUDE, Attenuation. Press the step-up key (1) to select
20 dB attenuation. Increasing the attenuation moves the noise floor
closer to the signal.

A # mark appears next to the At t en annotation at the top of the
display, indicating the attenuation is no longer coupled to other
analyzer settings.

Figure 1-27 Using 20 dB Attenuation
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10.To see the signal more clearly, enter 0 dB. Zero decibels of
attenuation makes the signal more visible. See Figure 1-28.
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Figure 1-28 Using 0 dB Attenuation

i Agilent  09:41:10 Mar 2, 1999
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CAUTION Before connecting other signals to the analyzer input, increase the RF
attenuation to protect the analyzer input: press Attenuation so that Auto
is underlined or press Auto Couple.

Measuring Low Level Signals Example 2:
The resolution bandwidth can be decreased to view low level signals.

1. Connect a signal generator to the analyzer input.

2. Set the signal generator frequency to 300 MHz with an amplitude of
-80 dBm.

3. On the analyzer, perform a factory preset by pressing Preset,
Factory Preset (if present).

4. Set the center frequency of the analyzer to 300 MHz by pressing
FREQUENCY, Center Freq, 300, MHz.

5. Set the span to 5 MHz by pressing SPAN, Span, 5, MHz.

6. Set the reference level to —40 dBm by pressing AMPLITUDE, Ref Level,
-40, dBm.

7. Place the signal at center frequency by pressing Peak Search,
Marker -, Mkr - CF.
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Figure 1-29
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8. Press BW/Avg, Res BW, and then |. The low level signal appears
more clearly because the noise level is reduced. As shown in
Figure 1-29.

A # mark appears next to the Res BWannotation at the lower left
corner of the screen, indicating that the resolution bandwidth is
uncoupled. As the resolution bandwidth is reduced, the sweep time
is increased to maintain calibrated data.

Decreasing Resolution Bandwidth
e Agilent  12:32:28 Jan 38, 2001
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Measuring Low Level Signals Example 3:

Narrowing the video filter can be useful for noise measurements and
observation of low level signals close to the noise floor. The video filter
is a post-detection low-pass filter that smooths the displayed trace.
When signal responses near the noise level of the analyzer are visually
masked by the noise, the video filter can be narrowed to smooth this
noise and improve the visibility of the signal. (Reducing video
bandwidths requires slower sweep times to keep the analyzer
calibrated.)

Using the video bandwidth function, measure the amplitude of a low
level signal.

1. Connect a signal generator to the analyzer input.

2. Set the signal generator frequency to 300 MHz with an amplitude of
-80 dBm.

3. On the analyzer, perform a factory preset by pressing Preset,
Factory Preset (if present).
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4. Set the center frequency of the analyzer to 300 MHz by pressing
FREQUENCY, Center Freq, 300, MHz.

5. Set the span to 5 MHz by pressing SPAN, Span, 5, MHz.

6. Set the reference level to -40 dBm by pressing AMPLITUDE, Ref Level,
-40, dBm.

7. Place the signal at center frequency by pressing Peak Search,
Marker -, Mkr - CF. See Figure 1-30.

Figure 1-30 30 kHz Video Bandwidth
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8. Narrow the video bandwidth by pressing BW/Avg, Video BW, and the
step-down key (1). This clarifies the signal by smoothing the noise,
which allows better measurement of the signal amplitude.

A # mark appears next to the VBWannotation at the bottom of the
screen, indicating that the video bandwidth is not coupled to the

resolution bandwidth. See Figure 1-31. As the video bandwidth is
reduced, the sweep time is increased to maintain calibrated data.

Instrument preset conditions couple the video bandwidth to the
resolution bandwidth so that the video bandwidth is equal to the
resolution bandwidth. If the bandwidths are uncoupled when video
bandwidth is the active function, pressing Video BW (so that Auto is
underlined) recouples the bandwidths.

NOTE The video bandwidth must be set wider than the resolution bandwidth
when measuring impulse noise levels.
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Figure 1-31

NOTE

Making Basic Measurements
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Decreasing Video Bandwidth
i Agilent  12:40:28 Jan 30, 2001
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Measuring Low Level Signals Example 4:

If a signal level is very close to the noise floor, video averaging is
another way to make the signal more visible.

The time required to construct a full trace that is averaged to the
desired degree is approximately the same when using either the video
bandwidth or the video averaging technique. The video bandwidth
technique completes the averaging as a slow sweep is taken, whereas
the video averaging technique takes many sweeps to complete the
average. Characteristics of the signal being measured, such as drift and
duty cycle, determine which technique is appropriate.

Video averaging is a digital process in which each trace point is
averaged with the previous trace-point average. Selecting Average Type,
Video Avg and Average (On) changes the detection mode from peak to
sample. The result is a sudden drop in the displayed noise level. The
sample mode displays the instantaneous value of the signal at the end
of the time or frequency interval represented by each display point,
rather than the value of the peak during the interval. Sample mode is
not used to measure signal amplitudes accurately because it may not
find the true peak of the signal.

Video averaging clarifies low-level signals in wide bandwidths by
averaging the signal and the noise. As the analyzer takes sweeps, you
can watch video averaging smooth the trace.

1. Connect a sighal generator to the analyzer input.

2. Set the signal generator frequency to 300 MHz with an amplitude of
-80 dBm.
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3. On the analyzer, perform a factory preset by pressing Preset,
Factory Preset (if present).

4. Set the center frequency of the analyzer to 300 MHz by pressing
FREQUENCY, Center Freq, 300, MHz.

5. Set the span to 5 MHz by pressing SPAN, Span, 5, MHz.

6. Set the reference level to —40 dBm by pressing AMPLITUDE, Ref Level,
—40, dBm.

7. Place the signal at center frequency by pressing Peak Search,
Marker -, Mkr - CF. See Figure 1-32.
Figure 1-32  Without Video Averaging
i Agilent  12:36:07 Jan 30, 2001
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8. Pressing BW/Avg, Average Type, (Video Avg), Average (On), initiates
the video averaging routine. As the averaging routine smooths the
trace, low level signals be come more visible. Aver age 100 appears
in the active function block. The number represents the number of
samples (or sweeps) taken to complete the averaging routine. Once
the set number of sweeps has been completed, the analyzer
continues to provide a running average based on this set number.

9. To set the number of samples, use the numeric keypad. For example,
press Average (On), 25, Enter. As shown in Figure 1-33.

During averaging, the current sample number appears at the left
side of the graticule. The number of samples equals the number of
sweeps in the averaging routine. Changes in active function settings,
such as the center frequency or reference level, will restart the
sampling. The sampling will also restart if video averaging is turned
off and then on again. To see the sample number increment, turn
video averaging off and on again by pressing Average (Off),

Average (On).
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Figure 1-33  Using the Video Averaging Function
% Agilent  15:11:45 Aug 30, 2001
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Identifying Distortion Products

Distortion from the Analyzer

High level input signals may cause analyzer distortion products that
could mask the real distortion measured on the input signal. Using
trace 2 and the RF attenuator, you can determine which signals, if any,
are internally generated distortion products.

Identifying Analyzer Generated Distortion Example:

Using a signal from a signal generator, determine whether the
harmonic distortion products are generated by the analyzer.

1. Connect a signal generator to the analyzer INPUT.

2. Set the signal generator frequency to 200 MHz and the amplitude to
0 dBm.
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3. On the analyzer, perform a factory preset by pressing Preset,
Factory Preset (if present).

4. Set the center frequency of the analyzer to 400 MHz by pressing
FREQUENCY, Center Freq, 400, MHz.

5. Set the span to 500 MHz by pressing SPAN, Span, 500, MHz.

The signal produces harmonic distortion products in the analyzer
input mixer as shown in Figure 1-34.

Figure 1-34 Harmonic Distortion

s Agilent  12:51:46 Jan 38, 2081
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6. Change the center frequency to the value of one of the observed
harmonics by pressing Peak Search, Next Peak, Marker -, Mkr - CF.

7. Change the span to 50 MHz: press SPAN, Span, 50, MHz.

8. Ensure that the signal is still at the center frequency, if necessary
press Peak Search, Marker -, Mkr - CF.

9. Change the attenuation to 0 dB: press AMPLITUDE, Attenuation, O,
dBm. Your display should be similar to Figure 1-35

Figure 1-35 Harmonic Distortion with 0 dB Attenuation
s Agilent  12:53:36 Jan 36, 2601
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10. To determine whether the harmonic distortion products are
generated by the analyzer, first save the screen data in trace 2 as
follows:

a. Press Trace/View, Trace (2), then Clear Write.

b. Allow the trace to update (two sweeps) and press Trace/View, View,
Marker, Delta. The analyzer display shows the stored data in trace
2 and the measured data in trace 1.

11. Next, increase the RF attenuation by 10 dB: press AMPLITUDE,
Attenuation, and the step-up key (1) twice. See Figure 1-36.

Notice the AMkr 1 amplitude reading. This is the difference in the
distortion product amplitude readings between 0 dB and 10 dB input
attenuation settings. If the AMNkr 1 amplitude absolute value is
approximately 21 dB for an input attenuator change, the distortion
is being generated, at least in part, by the analyzer. In this case more
input attenuation is necessary.
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Figure 1-36  RF Attenuation of 10 dB
i Agilent  12:56:02 Jan 30, 2001
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12.Press Peak Search, Marker, Delta
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Change the attenuation to 15 dB by pressing Attenuation, 15, dB.

If the AMNkr 1 amplitude absolute value is approximately =1 dB as
seen in Figure 1-36, then more input attenuation is required; some
of the measured distortion is internally generated. If there is no
change in the signal level, the distortion is not generated internally.
For example, the signal that is causing the distortion shown in
Figure 1-37 is not high enough in amplitude to cause internal
distortion in the analyzer so any distortion that is displayed is

present on the input signal.

Figure 1-37 No Harmonic Distortion
= Agient 12:59:18 Jan 30, 2001
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Third-Order Intermodulation Distortion

Two-tone, third-order intermodulation distortion is a common test in
communication systems. When two signals are present in a non-linear
system, they can interact and create third-order intermodulation
distortion products that are located close to the original signals. These
distortion products are generated by system components such as
amplifiers and mixers.

For the quick setup TOIl measurement example, refer to “Measuring
TOI Distortion with One Button Press” on page 50.

Identifying TOI Distortion Example:

Test a device for third-order intermodulation. This example uses two
sources, one set to 300 MHz and the other to approximately 301 MHz.
(Other source frequencies may be substituted, but try to maintain a
frequency separation of approximately 1 MHz.)

1. Connect the equipment as shown in Figure 1-38. This combination of
signal generators, low pass filters, and directional coupler (used as a
combiner) results in a two-tone source with very low
intermodulation distortion. Although the distortion from this setup
may be better than the specified performance of the analyzer, it is
useful for determining the TOI performance of the source/analyzer
combination. After the performance of the source/analyzer
combination has been verified, the device-under-test (DUT) (for
example, an amplifier) would be inserted between the directional
coupler output and the analyzer input and another measurement
would be made.
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Figure 1-38  Third-Order Intermodulation Equipment Setup
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NOTE The combiner should have a high degree of isolation between the two
input ports so the sources do not intermodulate.

2. Set one source (signal generator) to 300 MHz and the other source to
301 MHz, for a frequency separation of 1 MHz. Set the sources equal
in amplitude as measured by the analyzer (in this example, they are
set to -5 dBm).

3. On the analyzer, perform a factory preset by pressing Preset,
Factory Preset (if present).

4. Set the span to 5 MHz by pressing SPAN, Span, 5, MHz. This is wide
enough to include the distortion products on the screen.

5. Tune both test signals onto the screen by setting the center
frequency 300.5 MHz, press FREQUENCY, Center Freq, 300.5, MHz.

If necessary, use the front-panel knob to center the two test signals
on the display.

6. To be sure the distortion products are resolved, reduce the resolution
bandwidth until the distortion products are visible by pressing
BW/Avg, Res BW, and then use the step-down key (1) to reduce the
resolution bandwidth until the distortion products are visible.
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7. For best dynamic range, set the maximum mixer input level to
—-30 dBm and move the signal to the reference level: press
AMPLITUDE, More, Max Mixer Lvl, =30, dBm.

The analyzer automatically sets the attenuation so that a signal at
the reference level will be a maximum of —-30 dBm at the input
mixer.

8. Press BW/Avg, Res BW, and then use the step-down key (1) to reduce
the resolution bandwidth until the distortion products are visible.

9. To measure a distortion product, press Peak Search to place a marker
on a source signal.

10. Set the marked signal to the reference level by pressing Mkr - and
then Mkr - Ref Lvl.

11. To activate the second marker, press Marker, Delta, Peak Search.
Using the Next Peak key to place the second marker on the peak of
the distortion product that is beside the test signal. The difference
between the markers is displayed in the active function area. See
Figure 1-39.
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Figure 1-39 Measuring the Distortion Product

i Agilent  14:14:45 Jan 18, 2001
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12.To measure the other distortion product, press Marker, Normal,
Peak Search, Next Peak. This places a marker on the next highest
peak, the other source signal.

13.To measure the difference between this test signal and the second
distortion product, press Delta, Peak Search. Using the Next Peak key
to place the second marker on the peak of the second distortion
product. See Figure 1-40.

Figure 1-40 Measuring the Distortion Product
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Measuring TOI Distortion with One Button Press

Test a device for third-order intermodulation. This example uses two
sources, one set to 300 MHz and the other to approximately 301 MHz.
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(Other source frequencies may be substituted, but try to maintain a
frequency separation of approximately 1 MHz.)

NOTE Steps 1. through step 3 are identical to “Identifying TOI Distortion
Example:” on page 48 and are repeated here for convenience.

1. Connect the equipment as shown in Figure 1-41.

Figure 1-41  Third-Order Intermodulation Equipment Setup
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NOTE The combiner should have a high degree of isolation between the two

input ports so the sources do not intermodulate.

2. Set one source to 300 MHz and the other source to 301 MHz, for a
frequency separation of 1 MHz. Set the sources equal in amplitude,
as measured by the analyzer (in this example, they are set to
-5dBm).

3. On the analyzer, perform a factory preset by pressing Preset,
Factory Preset (if present).

4. Tune both test signals onto the screen by setting the center
frequency 300.5 MHz, press FREQUENCY, Center Freq, 300.5, MHz.

If necessary, use the front-panel knob to center the two test signals
on the display.

5. Press Measure, More, Intermod (TOI) to display the distortion
products as show below.
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Figure 1-42 Measuring the Distortion Products

s Agilent 171827 Aug 24, 2081
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Measuring Signal-to-Noise

The signal-to-noise measurement procedure below may be adapted to
measure any signal in a system if the signal (carrier) is a discrete tone.
If the signal in your system is modulated, it will be necessary to modify
the procedure to correctly measure the modulated signal level

In this example the 50 MHz amplitude reference signal is used as the
fundamental source. The amplitude reference signal is assumed to be
the signal of interest and the internal noise of the analyzer is measured
as the system noise. To do this, you will need to set the input attenuator
such that both the signal and the noise are well within the calibrated
region of the display.

Signal-to-Noise Measurement Example

Perform the steps below to measure the signal-to-noise.

1. Perform a factory preset by pressing Preset, Factory Preset
(if present).
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2. Turn on the internal 50 MHz amplitude reference signal of the
analyzer as follows:

= For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

= For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).

3. Set the center frequency to 50 MHz by pressing FREQUENCY,
Center Freq, 50, MHz.

4. Set the span to 1 MHz by pressing SPAN, Span, 1, MHz.

5. Set the reference level to —10 dBm by pressing AMPLITUDE, Ref Level,
—10, dBm.

6. Set the attenuation to 40 dB by pressing AMPLITUDE, Attenuation, 40,
dB.

7. Press Peak Search to place a marker on the peak of the signal.

8. Press Marker, Delta, 200, kHz to put the delta marker in the noise at
the specified offset, in this case 200 kHz.

9. Press More, Function, Marker Noise to view the results of the signal to
noise measurement. See Figure 1-43.
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Figure 1-43 Measuring the Signal-to-Noise
i Agilent  15:45:15 Aug 36, 2001
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Read the signal-to-noise in dB/Hz, that is with the noise value
determined for a 1 Hz noise bandwidth. If you wish the noise value for a
different bandwidth, decrease the ratio by 10x log(BW) . For example, if
the analyzer reading is =70 dB/Hz but you have a channel bandwidth of
30 kHz:
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SIN = —70 dB/Hz + 10 x log(30 kHz) = —25.23 dB/ (30 kHz)

Note that the display detection mode is now average. If the delta
marker is within half a division of the response to a discrete signal, the
amplitude reference signal in this case, there is a potential for error in
the noise measurement. See “Making Noise Measurements” on page 55.
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Making Noise Measurements

There are a variety of ways to measure noise power. The first decision
you must make is whether you want to measure noise power at a
specific frequency or the total power over a specified frequency range,
for example over a channel bandwidth.

Noise Measurement Example 1:

Using the marker function, Marker Noise, is a simple method to make a
measurement at a single frequency. In this example, attention must be
made to the potential errors due to discrete signal (spectral
components). This measurement will be made near the 50 MHz
amplitude reference signal to illustrate the use of Marker Noise.

1. Perform a factory preset by pressing Preset, Factory Preset
(if present).

2. Turn on the internal 50 MHz amplitude reference signal of the
analyzer as follows:

- For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

= For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).

3. Set the center frequency to 49.98 MHz by pressing FREQUENCY,
Center Freq, 49.98, MHz.

4. Set the span to 100 kHz by pressing SPAN, Span, 100, kHz.

5. Set the attenuation to 60 dB by pressing AMPLITUDE, Attenuation
(Man), 60, dB. See Figure 1-44.

When making noise measurements and AMPLITUDE, Scale Type (Log) is
selected (10 dB/division), position the trace between 3 and 6
graticule lines above the bottom by adjusting the reference level
(AMPLITUDE, Ref Level). Measurement inaccuracies may occur if
displayed trace is positioned outside this range.
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Figure 1-44  Setting the Attenuation
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6. Activate the noise marker by pressing Marker, More, Function,
Marker Noise.

0
[
c
()
£
[}
e
>
2]
@
[}
=
©
0
38}
m
(@]
<
X
©
>

Note that the display detection automatically changed to “Avg”
which can be manually set by pressing Det/Demod,

Average (Video/RMS). The marker is floating between the maximum
and the minimum of the noise. For firmware revisions earlier than
A.08.00, the detection type when using Marker Noise changed to
sample. If you wish to use sample detection, press Det/Demod,
Detector, Sample and verify that “Average Type” is set to “Video
average” by pressing BW/Avg, Average Type, Video Avg. This is not
recommended as it is slower and does not increase accuracy.

The marker readout is in dBm(Hz) or dBm per unit bandwidth.
See Figure 1-45. For noise power in a different bandwidth, add

10 x log(BW) . For example, for noise power in a 1 kHz bandwidth, add
10 x log(1000) or 30 dB to the noise marker value.
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Figure 1-45 Activating the Noise Marker
i Agient 17:41:54 fug 29, 2001
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7. The noise marker value is based on the mean of 5% of the total
number of sweep points centered at the marker. The points averaged
span one-half of a division. To see the effect, move the marker to the
50 MHz signal by pressing Marker, 50, MHz (or use the front-panel
knob to place marker at 50 MHz). See Figure 1-46.
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Figure 1-46 Noise Marker at 50 MHz
------ = Agilent  18:44:48 Aug 23, 20081
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8. The marker does not go to the peak of the signal because not all
averaged points are at the peak of the signal. Widen the resolution
bandwidth by pressing BW/Avg, Res BW, 10, kHz (or up arrow) to see
what happens. The marker is now much closer to the peak of the
signal. See Figure 1-47.
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NOTE Notice the video bandwidth changed to 100 kHz. The ratio between the
video bandwidth (VBW) and the resolution bandwidth (RBW) must
be = 10/1 to maintain the accuracy of the measurement.

Figure 1-47 Increased Resolution Bandwidth
i Agilent  18:58:18 Aug 29, 2661
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9. Return the resolution bandwidth to 1 kHz. Press BW/Avg, 1, kHz.

10. Measure the noise very close to the signal by pressing Marker,
50.0000, MHz (or use the front-panel knob to place the marker).
See Figure 1-48.

Note that the marker reads a value that is too high because some of
the averaged trace points are on the skirt of the signal response.

Figure 1-48 Noise Marker in Signal Skirt
% Agilent  18:53:17 Aug 29, 2001
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11. Set the analyzer to zero span at the marker frequency by pressing
Mkr -, Mkr - CF, SPAN, Zero Span, Marker. Note that the marker
amplitude value is now correct since all points averaged are at the
same frequency and not influenced by the shape of the bandwidth
filter. See Figure 1-49.

Figure 1-49 Noise Marker with Zero Span
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Noise Measurement Example 2:

The Normal marker can also be used to make a single frequency
measurement as described in the previous example, again using video
filtering or averaging to obtain a reasonably stable measurement.
While video averaging automatically selects the sample display
detection mode, video filtering does not. With sufficient filtering that
results in a smooth trace, there is no difference between the sample and
peak modes because the filtering takes place before the signal is
digitized.

Be sure to account for the fact that the averaged noise is displayed
approximately 2 dB too low for a noise bandwidth equal to the
resolution bandwidth. Therefore, you must add 2 dB to the marker
reading. For example, if the marker indicates —100 dBm, the actual
noise level is —98 dBm.

Noise Measurement Example 3:

You may want to measure the total power of a noise-like signal that
occupies some bandwidth. For example, you may want to determine the
power in a communications channel. If the signal is noise and is flat
across the band of interest, you can use the noise marker as described
in example 1 and add 10 x log(channel BW) . However, if you are not certain
of the characteristics of the signal, or if there are discrete spectral
components in the band of interest, you can use the Channel Power
measurement. This example uses the noise of the analyzer, adds a
discrete tone, and assume a channel bandwidth of 50 kHz. If desired,

a specific signal may be substituted.

1. Reset the analyzer by pressing Preset, Factory Preset (if present).

2. Tune the analyzer to the frequency of 50 MHz. In this example we
are using the amplitude reference signal. Press FREQUENCY, 50,
MHz.

3. Set the analyzer to setup the channel power measurement by
pressing MEASURE, Channel Power, Meas Setup.

The display detection mode has been set to average (sample for
firmware revisions before A.08.00) and the video bandwidth has been
set to be ten times wider than the resolution bandwidth. This setting is
important to prevent any averaging of the noise power on a logarithmic
(decibel) scale by the video bandwidth filter, before the summing of the
noise power on a power scale. You can reduce the sweep-to-sweep
variation in the power reading by increasing the sweep time (or for
revisions before A.08.00, by averaging over a number of sweeps).

4. Set the display view to combined by pressing Trace/View and
Combined.
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5. Turn average number on by pressing Avg Number (On). Ten is an
acceptable number.

6. Add a discrete tone to see the effects on the reading. Turn on the
50 MHz amplitude reference signal of the analyzer (if you have not
already done so).

= For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

= For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).

Your display should be similar to Figure 1-50.

7. Press Meas Setup, Optimize Ref Level to set the best reference level to
measure this signal.

Figure 1-50 Measuring Channel Power
s Agilent  16:58:51 Aug 36, 2001
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Channel Power Power Spectral Density

-18.82 dBm /2.0000 MHz -82.93 dBm/Hz

The power reading is essentially that of the tone; that is, the total noise
power is far enough below that of the tone that the noise power
contributes very little to the total.

The algorithm that computes the total power compensates for the fact
that some of the trace points on the response to the continuous wave
tone may be at or very close to the peak value of the tone and so yields
the correct value whether the signal comprises just noise, a tone, or
both.
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Noise Measurement Example 4:

The functions described in example 3 also allow you to measure the
total power of noise-like signals, tones, or both. A difference is that you
use adjustable markers to set the frequency span over which power is
measured. The markers allow you to easily and conveniently select any
arbitrary portion of the displayed signal for measurement. However,
while the analyzer does select the average (video/rms) display detection
mode, you must set all of the other parameters.

1. Reset the analyzer by pressing Preset, Factory Preset (if present).

2. Tune the analyzer to the frequency of 50 MHz. In this example we
are using the amplitude reference signal. Press FREQUENCY, 50,
MHz.

3. Set the span to 100 kHz by pressing SPAN, 100, kHz.

4. Set the reference level to —20 dBm by pressing AMPLITUDE, Ref Level,
—20, dBm.

5. Set the input attenuator to 40 dB by pressing Attenuation, 40, dB.

6. Set the marker span to 40 kHz by pressing Marker, Span Pair (Span),
40, kHz.

The resolution bandwidth should be about 1 to 3% of the
measurement (marker) span, 40 kHz in this example. The 1 kHz
resolution bandwidth that the analyzer has chosen is fine. The video
bandwidth should be ten times wider.
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7. Set the video bandwidth to 10 kHz by pressing BW/Avg,
Video BW (Man), 10, kHz.

8. Measure the power between markers by pressing Marker, More,
Function, Band Power. The analyzer displays the total power between
the markers. See Figure 1-51.

9. Add a discrete tone to see the effects of the reading. Turn on the
internal 50 MHz amplitude reference signal of the analyzer (if you
have not already done so) as follows:

- For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

= For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).
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Figure 1-51  Viewing Power Between Markers
i Agilent  19:49:46 Aug 29, 2001
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10. Move the measured span by pressing Marker, Span Pair (Center).
Then use the knob to exclude the tone and note reading. You could
have also used Band Pair or Delta Pair to set the measurement start
and stop points independently. See Figure 1-52.
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Figure 1-52 Measuring the Power in the Span
----- i Agilent  21:83:53 Aug 29, 2681
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NOTE
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Demodulating AM Signals (Using the Analyzer
As a Fixed Tuned Receiver)

The zero span mode can be used to recover amplitude modulation on a
carrier signal. The analyzer operates as a fixed-tuned receiver in zero
span to provide time domain measurements.

Center frequency in the swept-tuned mode becomes the tuned
frequency in zero span. The horizontal axis of the screen becomes
calibrated in time only, rather than both frequency and time. Markers
display amplitude and time values.

The following functions establish a clear display of the waveform:

= Trigger stabilizes the waveform trace on the display by triggering on
the modulation envelope. If the modulation of the signal is stable,
video trigger synchronizes the sweep with the demodulated
waveform.

< Linear mode should be used in amplitude modulation (AM)
measurements to avoid distortion caused by the logarithmic
amplifier when demodulating signals.

= Sweep time adjusts the full sweep time from 5 ms to 2000 s. (20 us to
2000 s if Option AYX is installed). The sweep time readout refers to
the full 10-division graticule. Divide this value by 10 to determine
sweep time per division.

= Resolution and video bandwidth are selected according to the signal
bandwidth.

Each of the coupled function values remains at its current value when
zero span is activated. Video bandwidth is coupled to resolution
bandwidth. Sweep time is not coupled to any other function.

Refer to “Demodulating and Listening to an AM Signal” on page 93 for
more information on signal demodulation.

To obtain an AM signal, you can either connect a source to the analyzer
input and set the source for amplitude modulation, or connect an
antenna to the analyzer input and tune to a commercial AM broadcast
station.

Demodulating an AM Signal Example 1:

View the modulation waveform of an AM signal in the time domain.

1. Connect an RF signal source to the analyzer INPUT. For this
example, an Agilent E4433B Signal Generator was used with the
following settings:

a. RF Frequency 300 MHz
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b. RF Output Power —10 dBm
c. AMOn
d. AM Rate 1 kHz
e. AM Depth 80%
2. Set the analyzer as follows:
a. Press Preset, Factory Preset (if present).

b. Set the center frequency to 300 MHz by pressing FREQUENCY,
Center Freq, 300, MHz.

c. Set the span to 500 kHz by pressing SPAN, Span, 500, kHz.

d. Set the resolution bandwidth to 30 kHz by pressing BW/Avg,
Resolution BW, 30, kHz.

e. Change the analyzer sweep to 20 msec by pressing Sweep,
Sweep Time, 20, ms. See Figure 1-53.

Figure 1-53 Viewing an AM Signal

4 Agilent  17:82:57 Jan 16, 2001
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3. Set the Y-Axis Units to V by pressing AMPLITUDE, More, Y-Axis Units,
V.

4, Position the signal peak near the reference level by pressing
AMPLITUDE and rotating the front-panel knob.

5. Change the amplitude scale type to linear by pressing AMPLITUDE,
Scale Type (Lin).

6. Select zero span by either pressing SPAN, 0, Hz; or pressing SPAN,
Zero Span. See Figure 1-54.
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7. Change the sweep time to 5 ms by pressing Sweep,
Sweep Time (Man), 5, ms.

8. Since the modulation is a steady tone, you can use video trigger to
trigger the analyzer sweep on the waveform and stabilize the trace,
much like an oscilloscope by pressing Trig, Video, and adjusting the
trigger level with the front-panel knob until the signal stabilizes. See
Figure 1-55.

If you are viewing an off-the-air signal you will not be able to
stabilize the waveform.

NOTE If the Trigger Level is set too high or too low when this trigger mode is
activated, the sweep will stop. You will need to adjust the trigger level
up or down with the front-panel knob until the sweep begins again.

Figure 1-54 Measuring Modulation In Zero Span
W Agilent  14:59:19 Aug 27, 1999
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Figure 1-55 Measuring Modulation In Zero Span
i Agilent 17:12:30 Jan 16, 2001
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Figure 1-56 Measuring Modulation In Zero Span
= Agient 17:17:41 Jan 16, 2001
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9. Use markers and delta markers to measure the time parameters of
the waveform.

a. Press Marker and center the marker on a peak using Peak Search
or the front-panel knob.

b. Press Marker, Delta and center the marker on the next peak using
the front-panel knob or use Peak Search and Next Pk Right (or
Next Pk Left). See Figure 1-57.
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Figure 1-57 Measuring Time Parameters
i Agilent  17:19:52 Jan 16, 2001
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10. You can turn your analyzer into a % AM indicator as follows:
a. Set trigger to free run by pressing Trig, Free Run.

b. Set the sweep time to 5 seconds by pressing Sweep, Sweep Time,
5, s.

c. Set the video filter to 30 Hz by pressing BW/Avg, Video BW, 30, Hz.

d. Change the reference level to position the trace at midscreen by
pressing AMPLITUDE, Ref Level, and adjacent the reference level
using the front-panel knob.

e. Reset the video filter to a high value. For example, press BW/Avg,
Video BW, 100, kHz.

f. Set the sweep time to 5 milliseconds by pressing Sweep, Sweep
Time, 5, ms.

The center horizontal line of the graticule now represents 0% AM;
the top and bottom lines, 100% AM. See Figure 1-58.
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Figure 1-58 Continuous Demodulation of an AM Signal

5 Agilent  15:37:54 Jan 29, 2001
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Demodulating FM Signals
(Without Option BAA)

As with amplitude modulation (see page 64) you can utilize zero span to
demodulate an FM signal. However, unlike the AM case, you cannot
simply tune to the carrier frequency and widen the resolution
bandwidth. The reason is that the envelope detector in the analyzer
responds only to amplitude variations, and there is no change in
amplitude if the frequency changes of the FM signal are limited to the
flat part of the resolution bandwidth.

On the other hand, if you tune the analyzer slightly away from the
carrier, you can utilize slope detection to demodulate the signal by
performing the following steps.

1. Determine the correct resolution bandwidth.
2. Find the center of the linear portion of the filter skirt (either side).

3. Tune the analyzer to put the center point at mid screen of the
display.

4. Select zero span.

The demodulated signal is now displayed; the frequency changes have
been translated into amplitude changes., see Figure 1-61. To listen to
the signal, turn on AM demodulation and the speaker.

In this example you will demodulate a broadcast FM signal that has a
specified 75 kHz peak deviation.

Demodulating a FM Signal Example:

Determine the correct resolution bandwidth. With a peak deviation of
75 kHz, your signal has a peak-to-peak excursion of 150 kHz. So we
must find a resolution bandwidth filter with a skirt that is reasonably
linear over that frequency range.

1. Perform a factory preset by pressing Preset, Factory Preset (if
present).

2. Turn on the internal 50 MHz reference signal of the analyzer as
follows:

= For the E4401B and E4411B, use the internal 50 MHz amplitude
reference signal of the analyzer as the signal being measured.
Press Input/Output, Amptd Ref (On).

= For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press
Input/Output, Amptd Ref Out (On).
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3. Set the center frequency to 50 MHz by pressing FREQUENCY,
Center Freq, 50, MHz.

4. Set the span to 1 MHz by pressing SPAN, Span, 1, MHz.

5. Set the Y-Axis Units to dBm by pressing AMPLITUDE, More,
Y-Axis Units, dBm.

6. Set the reference level to —20 dBm by pressing AMPLITUDE, Ref Level,
—-20, dBm.

7. Set the resolution bandwidth to 100 kHz by pressing BW/Avg,
Res BW, 100, kHz. The skirt is reasonably linear starting
approximately 5 dB below the peak.

8. Select a marker by pressing Marker, then move the marker
approximately 1/2 division down the right of the peak (high
frequency) using the front-panel knob.

9. Place a delta marker 150 kHz from the first marker by pressing
Delta, 150, kHz. The skirt looks reasonably linear between markers.

10. Determine the offset from the signal peak to the desired point on the
filter skirt by moving the delta marker to the midpoint. Press 75, kHz
to move the delta marker to the midpoint. See Figure 1-59.
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Figure 1-59 Establishing the Offset Point
4 Agilent  12:53:24 Dec 28, 2000
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11. Press Delta to make the active marker the reference marker.

12.Press Peak Search to move the delta marker to the peak. The delta
value is the desired offset, for example 151 kHz. See Figure 1-60.
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Figure 1-60 Determining the Offset

s Agilent  12:56:22 Dec 28, 2068
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Demodulate the FM Signal

1. Connect an antenna to the analyzer INPUT.
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2. Perform a factory preset by pressing Preset, Factory Preset (if
present).

3. Tune the analyzer to a peak the peak of one of your local FM
broadcast signals, for example 97.7 MHz by pressing FREQUENCY,
Center Freq, 97.7, MHz.

4. Set the span to 1 MHz by pressing SPAN, Span, 1, MHz.

5. Press AMPLITUDE, Ref Level, and use the front-panel knob to bring
the signal peak to the reference level.

6. Press Scale Type (Lin) to place the analyzer in linear scale mode.

7. Tune above or below the FM signal by the offset noted above in
step 12, in this example 151 kHz. Press FREQUENCY, CF Step, 151,
kHz, then press Center Freq and use the step-up key (1) or step-down

key (1).

8. Set the resolution bandwidth to 100 kHz, by pressing BW/Avg, Res
BW, 100, kHz.

9. Set the span to zero by pressing SPAN, Zero Span.

10. Turn off the automatic alignment by pressing System, Alignments,
Auto Align, Off.

72 Chapter 1



Making Basic Measurements
Demodulating FM Signals (Without Option BAA)

11. Listen to the demodulated signal through the speaker by pressing
Det/Demod, Demod, AM, Speaker (On), then adjust the volume using
the front-panel volume knob.

12. Activate single sweep by pressing Single. See Figure 1-61

Figure 1-61 Demodulating a Broadcast Signal
----- ¢ Agilent 15:12:25 Oct 23, 2001 ‘
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What'’s in This Chapter

This chapter provides information for making complex measurements.
The procedures covered in this chapter are listed below.

= “Making Stimulus Response Measurements” on page 77.

= “Making a Reflection Calibration Measurement” on page 89.
= “Demodulating and Listening to an AM Signal” on page 93.

= “Measuring Harmonics and Harmonic Distortion” on page 96.

= “Making Measurements Using Segmented Sweep (ESA E-Series
Analyzers only)” on page 101.

= “Making Power Measurements on Burst Signals” on page 109.

= “Making Statistical Power Measurements (CCDF) (Option AYX or
B7D only)” on page 114.

= “Making Measurements of Adjacent Channel Power (ACP)” on page
117.

= “Making Measurements of Multi-Carrier Power (MCP)” on page 121.

= “Demodulating and Viewing Television Signals (Option B7B)” on
page 124.

« “Using External Millimeter Mixers (Option AYZ)” on page 132.

To find descriptions of specific analyzer functions refer to the Agilent
Technologies ESA Spectrum Analyzers User’s Guide.

Required Test Equipment
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Test Equipment Specifications Recommended Model
Adapters

Type-N (m) to BNC (f) (2) 1250-0780

Cables

(3) BNC, 122-cm (48-in) 10503A

Miscellaneous

Bandpass Filter Center Frequency:
200 MHz
Bandwidth: 10 MHz

Lowpass Filter Cutoff Frequency:
10 MHz
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Making Stimulus Response Measurements

What Are Stimulus Response Measurements?

Stimulus response measurements require a source to stimulate a device
under test (DUT), a receiver to analyze the frequency response
characteristics of the DUT, and, for return loss measurements, a
directional coupler or bridge. Characterization of a DUT can be made in
terms of its transmission or reflection parameters. Examples of
transmission measurements include flatness and rejection. Return loss
is an example of a reflection measurement.

A spectrum analyzer combined with a tracking generator forms a
stimulus response measurement system. With the tracking generator
as the swept source and the analyzer as the receiver, operation is the
same as a single channel scalar network analyzer. The tracking
generator output frequency must be made to precisely track the
analyzer input frequency for good narrow band operation. A narrow
band system has a wide dynamic measurement range. This wide
dynamic range will be illustrated in the following example.

Using An Analyzer With A Tracking Generator

There are three basic steps in performing a stimulus response
measurement, whether it is a transmission or a reflection
measurement. The steps are to set all the analyzer settings, normalize,
and measure.

The procedure below describes how to use a built in tracking generator
system to measure the rejection of a band pass filter, a type of
transmission measurement. lllustrated in this example are functions in
the tracking generator menu such as adjusting the tracking generator
output power. Normalization functions located in the trace menu are
also used. Making a reflection measurement is similar and is covered in
“Making a Reflection Calibration Measurement” on page 89.
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Stepping Through a Transmission Measurement

1. To measure the rejection of a band pass filter, connect the equipment
as shown in Figure 2-1. This example uses a 200 MHz bandpass
filter as the DUT.
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Figure 2-1 Transmission Measurement Test Setup
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2. Perform a factory preset by pressing Preset, Factory Preset
(if present).

3. Since we are only interested in the rejection of the bandpass filter,
tune the analyzer center frequency and span to center the bandpass
response and display the rejection £50 MHz from the center of the
bandpass.

a. Set the span to 100 MHz by pressing SPAN, Span, 100, MHz.

b. Set the center frequency to 200 MHz by pressing FREQUENCY,
Center Freq, 200, MHz.

4. Set the resolution bandwidth to 3 MHz by pressing BW/Avg, Res BW,
3, MHz.

5. Turn on the tracking generator and if necessary, set the output
power to —10 dBm by pressing Source, Amplitude (On), =10, dBm.
See Figure 2-2.

CAUTION Excessive signal input may damage the DUT. Do not exceed the
maximum power that the device under test can tolerate.
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NOTE To reduce ripples caused by source return loss, use 10 dB (E4401B or
E4411B) or 8 dB (all other models) or greater tracking generator output
attenuation. Tracking generator output attenuation is normally a
function of the source power selected. However, the output attenuation
may be controlled in the Source menu. Refer to specifications and
characteristics in your specifications guide for more information on the
relationship between source power and source attenuation.
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Figure 2-2 Tracking Generator Output Power Activated
W Agilent  14:26:29 Jan 30, 2001
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6. Put the sweep time of the analyzer into stimulus response auto
coupled mode by pressing Sweep, Swp Coupling (SR). Auto coupled
sweep times are usually much faster for stimulus response
measurements than they are for spectrum analyzer (SA)
measurements. If necessary, adjust the reference level to place the
signal on screen.

NOTE In the stimulus response mode, the Q of the DUT can determine the
fastest rate at which the analyzer can be swept. (Q is the quality factor,
which is the center frequency of the DUT divided by the bandwidth of
the DUT.) To determine whether the analyzer is sweeping too fast, slow
the sweep and note whether there is a frequency or amplitude shift of
the trace. Continue to slow the sweep until there is no longer a
frequency or amplitude shift.

7. Decrease the resolution bandwidth to increase sensitivity by
pressing BW/Avg, Res BW, and the step-down key () until the
sensitivity is increased. In Figure 2-3, the resolution bandwidth has
been decreased to 30 kHz.
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8. Narrow the video bandwidth to smooth the noise by pressing
BWI/Avg, Video BW, and the step-down key (1) until the noise is
reduced. In Figure 2-3, the video bandwidth has been decreased to
300 Hz.
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Figure 2-3 Decrease the Resolution Bandwidth to Improve Sensitivity

5 Agilent  14:31:06 Jan 368, 2001
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9. You might notice a decrease in the displayed amplitude as the
resolution bandwidth is decreased, (if the analyzer is an E4402B,
E4403B, E4404B, E4405B, E4407B, or E4408B). This indicates the
need for performing a tracking peak. Press Source, Tracking Peak.
The amplitude should return to that which was displayed prior to
the decrease in resolution bandwidth.

10.To make a transmission measurement accurately, the frequency
response of the test system must be known. Normalization is used to
eliminate this error from the measurement. To measure the
frequency response of the test system, connect the cable (but not the
DUT) from the tracking generator output to the analyzer input.
Press Trace/View, More, Normalize, Store Ref (1 - 3), Normalize (On).
The frequency response of the test system is automatically stored in
trace 3 and a normalization is performed. This means that the active
displayed trace is now the ratio of the input data to the data stored
in trace 3. (The reference trace is Trace 3 with firmware revision
A.04.00 and later)
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When normalization is on, trace math is being performed on the
active trace. The trace math performed is (trace 1 — trace 3 + the
normalized reference position), with the result placed into trace 1.
Remember that trace 1 contains the measurement trace, trace 3
contains the stored reference trace of the system frequency response,
and normalized reference position is indicated by arrowheads at the
edges of the graticule.

NOTE Since the reference trace is stored in trace 3, changing trace 3 to
Clear Write will invalidate the normalization.
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11.Reconnect the DUT to the analyzer. Note that the units of the
reference level have changed to dB, indicating that this is now a
relative measurement.

Press Trace/View, More, Normalize, Norm Ref Posn to change the
normalized reference position. Arrowheads at the left and right
edges of the graticule mark the normalized reference position, or the
position where 0 dB insertion loss (transmission measurements) or
0 dB return loss (reflection measurements) will normally reside.
Using the knob results in a change in the position of the normalized
trace, within the range of the graticule.

12.To measure the rejection of the filter 45 MHz above the center of the
bandpass, press Marker, 200, MHz (to ensure that the marker is in the
center of the signal), and then press Delta, 45, MHz. The marker
readout displays the rejection of the filter at 45 MHz above the
center of the bandpass. See Figure 2-4.

NOTE Because the default trace is comprised of 401 discrete points, the
indicated marker frequency may differ slightly from the frequency that
you entered. Due to the horizontal resolution of the trace, the marker
frequency value will be rounded to within 0.25% of the span of the value
entered. If the analyzer is an ESA-E series with firmware revision
A.04.00 or later, the number of sweep points may be set to any value
between 101 and 8192.

Figure 2-4 Measure the Rejection Range
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Making Stimulus Response Measurements

Tracking Generator Unleveled Condition

When using the tracking generator, the message TG unl evel ed may
appear. The TG unl evel ed message indicates that the tracking
generator source power (Source, Amplitude) could not be maintained at
the selected level during some portion of the sweep. If the unleveled
condition exists at the beginning of the sweep, the message will be
displayed immediately. If the unleveled condition occurs after the sweep
begins, the message will be displayed after the sweep is completed. A
momentary unleveled condition may not be detected when the sweep
time is short. The message will be cleared after a sweep is completed
with no unleveled conditions.

The unleveled condition may be caused by any of the following:

= Start frequency is too low or the stop frequency is too high. The
unleveled condition is likely to occur if the true frequency range
exceeds the tracking generator frequency specification (especially
the low frequency specification).

= Source attenuation may be set incorrectly (select Attenuation (Auto)
for optimum setting).

= The source power may be set too high or too low, use Amplitude (Off)
then Amplitude (On) to reset it.

= The source power sweep may be set too high, resulting in an
unleveled condition at the end of the sweep. Use Power Sweep (Off)
then Power Sweep (On) to decrease the amplitude.

= Reverse RF power from the device under test detected by the
tracking generator ALC (automatic level control) system.

Measuring Device Bandwidth

It is often necessary to measure device bandwidth, such as when testing
a bandpass filter. There is a key in the Peak Search menu that will
perform this function. The device signal being measured must be
displayed before activating the measurement. The span must include
the full response.

Activate the measurement by toggling the N dB Points key to On. The
analyzer places arrow markers at the -3 dB points on either side of the
response and reads the bandwidth. For other bandwidth responses
enter the number of dB down desired, from -1 dB to -80 dB.

No other signal can appear on the display within N dB of the highest
signal. The measured signal cannot have more than one peak that is
greater than or equal to N dB. A signal must have a peak greater than
the currently defined peak excursion to be identified. The default value
for the peak excursion is 6 dB.

Measurements are made continuously, updating at the end of each
sweep. This allows you to make adjustments and see changes as they
happen. The single sweep mode can also be used, providing time to
study or record the data.

The N dB bandwidth measurement error is typically +1% of the span.
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Figure 2-5

CAUTION

NOTE
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Making Stimulus Response Measurements

Example:
Measure the 3 dB bandwidth of a 200 MHz bandpass filter.

1. To measure the rejection of a bandpass filter, connect the equipment
as shown in Figure 2-5. This example uses a 200 MHz bandpass
filter.

Transmission Measurement Test Setup
SPECTRUM ANALYZER

bl73b

2. Perform a factory preset by pressing Preset, Factory Preset
(if present).

3. Set the span to 100 MHz by pressing SPAN, Span, 100, MHz.

4. Set the center frequency to 200 MHz by pressing FREQUENCY,
Center Freq, 200, MHz.

5. Set the resolution bandwidth to 10 kHz by pressing BW/Avg, Res BW,
10, kHz.

6. Turn on the tracking generator and if necessary, set the output
power to —10 dBm by pressing Source, Amplitude (On), =10, dBm.

Excessive signal input may damage the DUT. Do not exceed the
maximum power that the device under test can tolerate.

To reduce ripples caused by source return loss, use 10 dB (E4401B or
E4411B) or 8 dB (all other models) or greater tracking generator output
attenuation. Tracking generator output attenuation is normally a
function of the source power selected. However, the output attenuation
may be controlled in the Source menu. Refer to specifications and
characteristics in your specifications guide for more information on the
relationship between source power and source attenuation.
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NOTE

Figure 2-6

Making Complex Measurements
Making Stimulus Response Measurements

7. Put the sweep time of the analyzer into stimulus response auto
coupled mode by pressing Sweep, then Swp Coupling (SR). Auto
coupled sweep times are usually much faster for stimulus response
measurements than they are for spectrum analyzer (SA)
measurements. Adjust the reference level if necessary to place the
signal on screen.

In the stimulus response mode, the Q of the DUT can determine the
fastest rate at which the analyzer can be swept. (Q is the quality factor,
which is the center frequency of the DUT divided by the bandwidth of
the DUT.) To determine whether the analyzer is sweeping too fast, slow
the sweep and note whether there is a frequency or amplitude shift of
the trace. Continue to slow the sweep until there is no longer a
frequency or amplitude shift.

8. To activate the N dB bandwidth function press Peak Search, More,
then N dB Points (On). See Figure 2-6.

9. Read the measurement results displayed on the screen.

N dB Bandwidth Measurement at -3 dB

N dB

-3.00 dB
NdB 1172 MHz

YEW 18 kHz

10.The knob or the data entry keys can be used to change the N dB
value from -3 dB to —60 dB to measure the 60 dB bandwidth of the
filter. See Figure 2-7.
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Figure 2-7

Figure 2-8
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Making Stimulus Response Measurements

N dB Bandwidth Measurement at -60 dB
i Agilent  89:01:38 Jan 9, 2681
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11.Press N dB Points (Off) to turn the measurement off.

Measuring Stop Band Attenuation Using Log Sweep
(E-Series Analyzers only)

When measuring filter characteristics, it is useful to look at the
stimulus response over a wide frequency range. Setting the analyzer
x-axis (frequency) to display logarithmically provides this function.

Example:
Measure the stop band attenuation of a 10 MHz low pass filter.

1. To measure the response of a low pass filter, connect the equipment
as shown in Figure 2-8. This example uses a 10 MHz low pass filter.

Transmission Measurement Test Setup
SPECTRUM ANALYZER

ooog
i

12n

D

i

annaan
Sooooo)
SRR
Sooooo)

Doo ooo_

@ 00000 o

RF OUT

DUT

bl73b
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2. Perform a factory preset by pressing Preset, Factory Preset (if
present).

3. Set the start frequency to 100 kHz by pressing FREQUENCY,
Start Freq, 100, kHz.

4. Set the stop frequency to 1 GHz by pressing Stop Freq, 1, GHz.

5. Set the resolution bandwidth to 10 kHz by pressing BW/Avg, Res BW,
10, kHz.

6. Set the frequency scale to log by pressing FREQUENCY,
Scale Type (Log).

7. For E4407B analyzers with Option UKB, set the input coupling to
DC by pressing Input, Coupling (DC).

8. Turn on the tracking generator and if necessary, set the output
power to —10 dBm by pressing Source, Amplitude (On), =10, dBm.

CAUTION Excessive signal input may damage the DUT. Do not exceed the
maximum power that the device under test can tolerate.

NOTE To reduce ripples caused by source return loss, use 10 dB (E4401B) or 8
dB (all other models) or greater tracking generator output attenuation.
Tracking generator output attenuation is normally a function of the
source power selected. However, the output attenuation may be
controlled in the Source menu. Refer to specifications and
characteristics in your specifications guide for more information on the
relationship between source power and source attenuation.

Figure 2-9 Tracking Generator Output Power Activated in Log Sweep
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9. Put the sweep time of the analyzer into stimulus response auto
coupled mode by pressing Sweep, then Swp Coupling (SR). See
Figure 2-9. Auto coupled sweep times are usually much faster for
stimulus response measurements than they are for spectrum
analyzer (SA) measurements. Adjust the reference level if necessary
to place the signal on screen.

10.To make a transmission measurement accurately, the frequency
response of the test system must be known. Normalization is used to
eliminate this error from the measurement. To measure the
frequency response of the test system, connect the cable (but not the
DUT) from the tracking generator output to the analyzer input.
Press Trace/View, More, Normalize, Store Ref (1 - 3), Normalize (On).

This will activate the trace 1 minus trace 3 function and display the
results in trace 1. The normalized trace or flat line represents 0 dB
return loss. Normalization occurs each sweep.

NOTE Since the calibration trace is stored in trace 3, changing trace 3 to
Clear Write, Max Hold, or Min Hold will invalidate the normalization.

11.Reconnect the DUT to the analyzer. Note that the units of the
reference level have changed to dB, indicating that this is now a
relative measurement. Refer to Figure 2-10.

12.Press Trace/View, More, Normalize, Norm Ref Posn to change the
normalized reference position. Arrowheads at the left and right
edges of the graticule mark the normalized reference position. Using
the knob results in a change in the position of the normalized trace,
within the range of the graticule. Refer to Figure 2-10.

Figure 2-10 Normalized Trace After Reconnecting DUT
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13.Press Marker, Delta Pair (Ref), 10, MHz to place the reference marker
at the specified cutoff frequency.

14.Press Delta Pair (4), 20, MHz to place the second marker at the
20 MHz point. In this example, the attenuation over this frequency
range is 63.32 dB/octave (one octave above the cutoff frequency).

Figure 2-11  Determining Low Pass Filter Rolloff

s Agilent  16:34:54 Oct 23, 2001

Atten 18 dB
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20.700000 MHz
-63/32 dB

VBW 18 kHz

15.Use the knob to place the marker at the highest peak in the stop
band to determine the minimum stop band attenuation. In this
example, the peak occurs at 708.76 MHz. The attenuation is
54.92 dB.

Figure 2-12 Minimum Stop Band Attenuation
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Figure 2-13
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NOTE

Making a Reflection Calibration Measurement

The calibration standard for reflection measurements is usually a short
circuit connected at the reference plane (the point at which the device
under test (DUT) will be connected.) See Figure 2-13. A short circuit
has a reflection coefficient of 1 (0 dB return loss). It reflects all incident
power and provides a convenient O dB reference.

Reflection Measurement Short Calibration Test Setup
SPECTRUM ANALYZER

RF OUT INPUT
Reference Plane
1
Coupled 1
Port ]
1 SHORT
>< : CIRCUIT
1
\ > OR
DUT
DIRECTIONAL
BRIDGE/COUPLER
bl76b
Example:

Measure the return loss of a filter. The following procedure makes a
reflection measurement using a coupler or directional bridge. This
example uses a 200 MHz bandpass filter as the DUT.

The analyzer center frequency and span for this measurement can
easily be set up using the transmission measurement setup in “Making
Stimulus Response Measurements” on page 77. Tune the analyzer so
that the passband of the filter comprises a majority of the display, then
proceed with the steps outlined below.
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Making a Reflection Calibration Measurement

Reflection Calibration

1. Connect the DUT to the directional bridge or coupler as shown in
Figure 2-13. Terminate the unconnected port of the DUT.

If possible, use a coupler or bridge with the correct test port connector
for both calibrating and measuring. Any adapter between the test port
and DUT degrades coupler/bridge directivity and system source match.
Ideally, you should use the same adapter for the calibration and the
measurement. Be sure to terminate the second port of a two port device.

2. Connect the tracking generator output of the analyzer to the
directional bridge or coupler.

3. Connect the analyzer input to the coupled port of the directional
bridge or coupler.

4. Perform a factory preset by pressing Preset, Factory Preset (if
present).

5. Turn on the tracking generator and if necessary, set the output
power to —10 dBm by pressing Source, Amplitude (On), =10, dBm.

Excessive signal input may damage the DUT. Do not exceed the
maximum power that the device under test can tolerate.

6. Set the span to 100 MHz by pressing SPAN, Span, 100, MHz.

7. Set the center frequency to 200 MHz by pressing FREQUENCY,
Center Freq, 200, MHz.

8. Set the resolution bandwidth to 3 MHz by pressing BW/Avg, Res BW,
3, MHz.

9. Replace the DUT with a short circuit.

10.Normalize the trace by pressing Trace/View, More, Normalize,
Store Ref (1 3), Normalize (On). See Figure 2-14.

This will activate the trace 1 minus trace 3 function and display the
results in trace 1. The normalized trace or flat line represents 0 dB
return loss. Normalization occurs each sweep. Replace the short
circuit with the DUT.

Since the reference trace is stored in trace 3, changing trace 3 to
Clear Write will invalidate the normalization.
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Figure 2-14  Short Circuit Normalized
= Aglent  11:41:48 Jan 9, 2061

Ptten 18 dB

VEH 3 MHz

Measuring the Return Loss

1. After calibrating the system with the above procedure, reconnect the
filter in place of the short circuit without changing any analyzer
settings.

2. Use the marker to read return loss. Press Marker and position the
marker with the knob to read the return loss at that frequency. Or
you can use the Min Search function to measure return loss by
pressing Peak Search, Min Search, the analyzer will place a marker at
the point where the return loss is maximized. See Figure 2-15.

Figure 2-15 Measuring the Return Loss of the Filter
s Agilent  11:38:31 Jan 9, 2061
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Converting Return Loss to VSWR

Return loss can be expressed as a voltage standing wave ratio (VSWR)
value using the following table or formula:

Table2-1 Power to VSWR Conversion
Return VSWR Return VSWR Return VSWR Return VSWR Return VSWR
L oss Loss L oss Loss Loss
(dB) (dB) (dB) (dB) (dB)

4.0 4.42 14.0 1.50 18.0 1.29 28.0 1.08 38.0 1.03
6.0 3.01 14.2 1.48 18.5 1.27 28.5 1.08 38.5 1.02
8.0 2.32 14.4 1.47 19.0 1.25 29.0 1.07 39.0 1.02
10.0 1.92 14.6 1.46 19.5 1.24 29.5 1.07 39.5 1.02
10.5 1.85 14.8 1.44 20.0 1.22 30.0 1.07 40.0 1.02
11.0 1.78 15.0 1.43 20.5 1.21 30.5 1.06 40.5 1.02
11.2 1.76 15.2 1.42 21.0 1.20 31.0 1.06 41.0 1.02
11.4 1.74 15.4 1.41 215 1.18 315 1.05 41.5 1.02
11.6 1.71 15.6 1.40 22.0 1.17 32.0 1.05 42.0 1.02
11.8 1.69 15.8 1.39 225 1.16 325 1.05 425 1.02
12.0 1.67 16.0 1.38 23.0 1.15 33.0 1.05 43.0 1.01
% 12.2 1.65 16.2 1.37 23.5 1.14 335 1.04 43.5 1.01
% 12.4 1.63 16.4 1.36 24.0 1.13 34.0 1.04 44.0 1.01
g 12.6 1.61 16.6 1.35 24.5 1.13 345 1.04 44.5 1.01
E 12.8 1.59 16.8 1.34 25.0 1.12 35.0 1.04 45.0 1.01
é 13.0 1.58 17.0 1.33 25.5 1.11 35.5 1.03 455 1.01
3 13.2 1.56 17.2 1.32 26.0 1.11 36.0 1.03 46.0 1.01
g 13.4 1.54 17.4 1.31 26.5 1.10 36.5 1.03 46.5 1.01
g 13.6 1.53 17.6 1.30 27.0 1.09 37.0 1.03 47.0 1.01
13.8 1.51 17.8 1.30 27.5 1.09 375 1.03 475 1.01

-RL

1+10%°

VSWR = ——_F\llz

1-10 %

Where: RL is the measured return loss value.

VSWR is sometimes stated as a ratio. For example: 1.2:1 “one point two
to one” VSWR. The first number is the VSWR value taken from the
table or calculated using the formula. The second number is always 1.
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Demodulating and Listening to an AM Signal

The functions listed in the menu under Det/Demod allow you to
demodulate and hear signal information displayed on the analyzer.
Simply place a marker on a signal of interest, activate AM
demodulation, turn the speaker on, and then listen.

Demodulating and Listening to an AM Signal
Example 1:

1. Connect an antenna to the analyzer input.

2. Perform a factory preset by pressing Preset, Factory Preset
(if present).

3. Select a frequency range on the analyzer, such as the range for AM
radio broadcasts. For example, the frequency range for AM
broadcasts in the United States is 550 kHz to 1650 kHz. Press
FREQUENCY, Start Freq, 550, kHz, Stop Freq, 1650, kHz.

4. Place a marker on the signal of interest. Press Peak Search to place a
marker on the highest amplitude signal, or press Marker, Normal and
move the marker to a signal of interest. See Figure 2-16.

5. Press Det/Demod, Demod, AM. Use the front-panel volume knob to
control the speaker volume.
Figure 2-16 Demodulation of an AM Signal
% Agilent  13:07:06 Aug 26, 1999
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6. The signal is demodulated at the marker position only for the
duration of the demod time. Use the step keys, knob, or numeric
keypad to change the dwell time. For example, press the step up key
(1) to increase the dwell time to 2 seconds.

7. The marker search functions can be used to move the marker to
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other signals of interest. Press Peak Search to access Next Peak,
Next Pk Right, or Next Pk Left.

Demodulating and Listening to an AM Signal
Example 2:

1. Connect an antenna to the analyzer input.

2. Perform a factory preset by pressing Preset, Factory Preset (if
present).

3. Select a frequency range on the analyzer, such as the range for AM
radio broadcasts. For example, the frequency range for AM
broadcasts in the United States is 550 kHz to 1650 kHz. Press
FREQUENCY, Start Freq, 550, kHz, Stop Freq, 1650, kHz.

4. Place a marker on the signal of interest. Press Peak Search to place a
marker on the highest amplitude signal, or press Marker, Normal and
move the marker to a signal of interest.

5. Set the frequency of the signal to center frequency by pressing
FREQUENCY then Signal Track (On) if the signal of interest is the
highest amplitude on screen signal. If it is not the highest amplitude
signal on screen, move the signal to center screen by pressing
Peak Search, Marker -, and Mkr - CF.

6. If the signal track function is on, press SPAN, 1, MHz to reduce the
span to 1 MHz. If signal track is not used, use the step down key (1)
to reduce the span and use Mkr - CF to keep the signal of interest at
center screen.

7. Set the span to zero by pressing SPAN, Zero Span. Zero Span turns off
the signal track function.

8. Change the resolution bandwidth to 100 kHz by pressing BW/Avg,
Res BW, then enter 100, kHz.

9. Set the signal in the top two divisions of the screen by changing the
reference level. Press AMPLITUDE, and then the step down key (1)
until the signal is in the top two divisions. Set the amplitude scale to
linear by pressing Scale Type (Lin). Keep the signal center displayed
by pressing AMPLITUDE, Ref Level and using the (1) (1) step keys.
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10.Press Det/Demod, Detector, Sample to set the detector mode of the
analyzer to Sample.

11.Press Det/Demod, Demod, AM. Use the front panel volume knob to
control the speaker volume.
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12.You can turn your analyzer into a % AM indicator as follows:
a. Set trigger to free run by pressing Trig, Free Run.

b. Set the sweep time to 5 seconds by pressing Sweep,
Sweep Time, 5, s.

c. Set the video filter to 30 Hz by pressing BW/Avg, Video BW, 30, Hz.

d. Change the reference level to position the trace at midscreen by
pressing AMPLITUDE, Ref Level, and adjust the reference level
using the front-panel knob.

e. Reset the video filter to a high value. For example, press BW/Avg,
Video BW, 30, kHz.

f. Set the sweep time to 5 milliseconds by pressing Sweep, Sweep
Time, 5, ms.

The center horizontal line of the graticule now represents 0% AM;
the top and bottom lines, 100% AM. See Figure 2-17

13.The signal to the speaker will be interrupted during retrace because
the analyzer is performing automatic alignment routines. To
eliminate the interruption and clicks between sweeps, turn the auto
alignment function off by pressing System, Alignments, Auto Align,
Off.

NOTE Refer to the specifications for information about operating the analyzer
with the alignments turned off.

Figure 2-17 Continuous Demodulation of an AM Signal

w Agilent  13:16:45 Aug 26, 1999
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Measuring Harmonics and Harmonic
Distortion

The analyzer provides a measurement key that automates harmonic
measurements (from the second to the tenth harmonic) and provides a
calculation of the total harmonic distortion for continuous wave signals
or complex digitally modulated carriers.

This measurement assumes that the peak signal found in the current
span of the analyzer is the desired fundamental frequency.

When the harmonic distortion measurement is activated, the analyzer
searches for the fundamental and determines the frequencies of the
harmonics. The analyzer then changes to zero span, and measures the
amplitude of each harmonic. The analyzer calculates the total harmonic
distortion by dividing the root-sum-squares of the harmonic voltages by
the fundamental signal voltage and then provides the result as a
percentage.

%THD = 100 x

Where:

%THD = Total Harmonic Distortion as a percentage
h = harmonic number
Hmax = Maximum Harmonic Value listed

Ey, = voltage of harmonic h
E¢ = voltage of fundamental signal

Example of a THD calculation:

If the number of harmonics selected is 5 (Hyax = 5) and the measured
values are as follows:

E; = 5dBm = 3.162 mW = 397.6 mV

E, = -42dBc = -37dBm = 199.5 nW = 3.159 mV
E; = =26 dBc = -21 dBm = 7.943 pW = 19.93 mV
E, = -49dBc = 44 dBm = 39.81 nW = 1411 mV
E; = =36 dBc = -31 dBm = 794.3 nW = 6.302 mV
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then,

J3.150 mv2 + 19.93 mv2 + 1.411mv2 + 6.301 mv?

THD = 100> 397.6 MV

= 5.33%

Measuring Harmonics and Harmonic Distortion
Example 1:
In this example, the 10 MHz Reference Output is used as the

fundamental source. The harmonics and total harmonic distortion are
measured.

1. Reset the analyzer by pressing Preset, Factory Preset (if present).

2. Connect the 10 MHz Reference Output from the rear of the analyzer
to the analyzer INPUT with a BNC Cable.

3. Center the frequency on the incoming 10 MHz signal by pressing
Frequency, 10, MHz.

4. Set the resolution bandwidth to 300 kHz by pressing BW/Avg, Res
BW, 300, kHz.

NOTE Setting the resolution bandwidth to approximately 3% of the
fundamental frequency before activating the harmonic distortion
measurement increases measurement accuracy.

5. Press Measure, More, Harmonic Distortion.

6. Press the Meas Setup, Avg Number (On), 3, Enter to obtain the average
of 3 harmonic distortion measurements.

7. Press Avg Mode (Exp) to continuously affect the result of the THD
with subsequent sweeps. (Selecting Avg Mode (Repeat) clears the
value calculated for THD after the total specified number of
averages has been taken.)

8. Set the number of measured harmonics to 10 by pressing Harmonics,
10, Enter.

<
)
=.
5
)
(@)
o
3
=2
@
=
<
@
©
7]
c
)
3
)
=
%2}

9. Press ST/Harmonic (Auto) to allow the analyzer to determine the
optimum sweep time.

10.Press Optimize Ref Level to ensure all the harmonics are within the
range of measurement.
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Figure 2-18 Measuring the Harmonic Distortion

i Agilent  13:03:49 Oct 22, 2001
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11.The amplitudes of the harmonics are listed relative to the
fundamental frequency. To display the total harmonic distortion,
press Trace/View, Harmonics & THD.

Measuring Harmonics and Harmonic Distortion on an
1S-95 signal at 870.03 MHz Example 2:

In this example, an 1S-95 signal is used as the fundamental source. The
harmonics and total harmonic distortion are measured.

1. Reset the analyzer by pressing Preset, Factory Preset (if present).
2. Connect an 1S-95 signal at 870.03 Mhz to the analyzer.

3. Set the center frequency to 870.03 MHz by pressing FREQUENCY,
Center Freq, 870.03, MHz.

4. Set the resolution bandwidth to 300 kHz by pressing BW/Avg, Res
BW, 300, kHz.
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NOTE Setting the resolution bandwidth to approximately 3% of the
fundamental frequency before activating the harmonic distortion
measurement increases measurement accuracy.

5. Press Measure, More, Harmonic Distortion.
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NOTE At this frequency (870.03 MHz), you may see the message: Ohe or nore
har noni cs past freq linmt: nunber decreased on the bottom of
the screen. This indicates that one or more harmonics are at
frequencies beyond the measurement capabilities of the analyzer. The
analyzer will measure all harmonics that fall within its measurement
capabilities.

6. Press the Meas Setup, Avg Number (On), 3, Enter to obtain the average
of 3 harmonic distortion measurements.

7. Press Avg Mode (Exp) to continuously affect the result of the THD
with subsequent sweeps. (Selecting Avg Mode - clears the value
calculated for THD after the total specified number of averages has
been taken.)

8. Set the number of measured harmonics to 3 by pressing Harmonics,
3, Enter.

9. Press Optimize Ref Level to ensure all the harmonics are within the
range of measurement.

Figure 2-19 Measuring the Harmonic Distortion of an 1S-95 Signal
i Agilent  12:59:23 Oct 22, 2081

Ch Freq ——- Trig Free
Harmonic Distortion f
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Amplitude
-9,84 dBm

10.The amplitudes of the harmonics are listed relative to the
fundamental frequency. Press Trace/View, Harmonics & THD, to
display the total harmonic distortion (% THD).
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NOTE An asterisk (*) appearing next to the Total Harmonic Distortion value
indicates that the ideal resolution bandwidths for one or more
harmonics could not be set. These harmonics for which the resolution
bandwidths could not be set are flagged with an asterisk beside their
amplitude value. The measurement will still be accurate as long as the
signal has little or no modulation.

End of Measurement

The measurement is complete. To exit the measurement, press Measure,
Meas Off.
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Making Measurements Using Segmented
Sweep (ESA E-Series Analyzers only)

Monitoring Multiple Frequency Bands Concurrently

Segmented sweep allows you to define many bands of interest and
display them as a single trace. This function has many valuable
applications. Although the following examples only involve a maximum
of 3 segments, you can set up the trace to display 32 segments
simultaneously.

The first example involves monitoring the U.S. 1S-95A cellular band.
Use any communications band of interest in your area. Segments one
and two will be set up to display the reverse and forward links,
respectively. If a signal of interest appears, the normal marker will be
used to determine the frequency of the signal, and a third segment will
be created to zoom in on that signal. In Figure 2-21, two traces are
displayed. Trace 1 is set to maximum hold, to see if there are any
potentially interfering signals, and trace 2 will be set to min hold to
catch any dropouts.

The second example shows how limit lines can be used in conjunction
with segmented sweep. Three segments will be created as in example 1.
The first segment will measure the fundamental and determine if the
phase noise is within a specified limit. The remaining two segments will
also have limit lines to test the acceptable levels of the second and third
harmonics.

The third example demonstrates the increased measurement speed
gained when using segmented sweep to display widely spaced signals
occurring in the frequency domain. First, the trace will be set up to view
the 50 MHz amplitude reference signal and its second and third
harmonics without using segmented sweep. This will show the long
sweep time involved to view the signals in this manner. Then, using the
segmented sweep function of the analyzer, three segments will be set up
to show the reduced sweep time necessary to display these same three
signals.

Making Measurements Using Segmented Sweep
Example 1:

1. Connect an antenna to the analyzer input. Press Preset,
Factory Preset (if present).

2. Turn on the internal preamp (if installed) by pressing AMPLITUDE,
More, Int Preamp (On).

3. Open the segmented sweep editor. Press Sweep, Segmented, Modify,
Edit.

Chapter 2101
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Figure 2-20
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4.

9.

To monitor the cellular activity in the cdmaOne band, set the center
frequency of the first segment to 836.5 MHz by pressing Center Freq,
836.5, MHz.

Set the span to 25 MHz by pressing Span, 25, MHz.

Set the resolution bandwidth to 10 kHz. Press Res BW, 10, kHz. The
remaining parameters will automatically be set to the default values
for Video BW, points, and sweep time.

Adjust the reference level to place the signal in the middle of the
display. In this example, set the reference level to -40 dBm by
pressing AMPLITUDE, Ref Level, 40, -dBm. (See Figure 2-20,
“Monitoring the Reverse and Forward Links,”.)

To view the activity of the base station in the cdmaOne cellular band,
set the center frequency of the second segment to 881.5 MHz by
pressing Sweep, Segmented, Modify, Edit, Segment, 2, Enter,

Center Freq, 881.5, MHz.

Set the span to 25 MHz by pressing Span, 25, MHz.

10.Set the resolution bandwidth to 10 kHz. Press Res BW, 10, kHz. The

remaining parameters will automatically be set to the default values
for Video BW, points, and sweep time.

Monitoring the Reverse and Forward Links

A Agilent  16:12:22 Apr 18, 2000

882.230000 MHz

Eﬁﬂiﬂi’i_
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11.Press Marker, then rotate the knob to locate the frequency of the
cdmaOne signal.

12.1n this example, two cdmaOne carriers were found to be located at
882.23 MHz. as shown in Figure 2-20. Set the center frequency of
segment 3 to 882.23 MHz by pressing Sweep, Segmented, Modify,
Edit, Segment, 3, Enter, Center Freq, 882.23, MHz.

13.Since there are two signals, the span is set to greater than twice the
cdmaOne bandwidth (2 times 1.2288 MHz). Set your span
accordingly. For this example, the span is set to 2.7 MHz by pressing
Span, 2.7, MHz.

Figure 2-21  Monitoring Cellular Bands in Segmented Sweep
e Agilent  15:45:44 Oct 23, 2001

Atten 5 dB

MM‘MJL&JH ‘ﬂ*‘ I|W M:‘ M‘M‘V‘

w.i«.w-mwﬂ:&«wm

14.Set the resolution bandwidth to 10 kHz. Press Res BW, 10, kHz. The
remaining parameters will automatically be set to the default values
for Video BW, points, and sweep time.

15.Set trace 1 to maximum hold by pressing Trace/View, Trace 1,
Max Hold.

16.Set trace 2 to minimum hold by pressing Trace/View, Trace 2,
Min Hold.

Figure 2-21 displays the results of this setup over an extended period of
time. As expected, the minimum hold trace of segment 1 shows no
continuously present carriers. This is indicative of cellular activity. If a
persistent signal exists, it may represent the presence of an interfering
carrier. In this example, segment 3 shows continuous transmission of
the carrier without interference.
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Making Measurements Using Segmented Sweep
Example 2:

1. Connect the 10 MHz REF OUT from the rear panel to the
front-panel INPUT. Press Preset, Factory Preset (if present).

2. Adjust the reference level to place the peak of the fundamental
signal at the top of the graticule. In this example, the reference level
is set at +8 dBm by pressing AMPLITUDE, Ref Level, 8, dBm (see
Figure 2-22).

3. Open the segmented sweep editor. Press Sweep, Segmented, Modify,
Edit.

4. To display the fundamental signal, set the center frequency of the
first segment to 10 MHz by pressing Segment, 1, Enter, Center Freq,
10, MHz.

Set the span to 500 kHz by pressing Span, 500, kHz.
Set the resolution bandwidth to 3 kHz. Press Res BW, 3, kHz.
Set the video bandwidth to 30 Hz by pressing Video BW, 30, Hz.

© N o 0

Set the number of points to 1000. Press Points, 1000, Enter. The
sweep time defaults to the minimum.

9. To display the second harmonic, set the center frequency of the
second segment to 20 MHz by pressing Segment, 2, Enter, Center Freq,
20, MHz.

10.Set the span to 100 kHz by pressing Span, 100, kHz. Allow the
remaining parameters to take their default values as shown in
Figure 2-22.

11.Press Tab =| to begin a new segment.

12.To display the third harmonic, set the center frequency of the third
segment to 30 MHz by pressing Center Freq, 30, MHz.

13.Set the span to 100 kHz by pressing Span, 100, kHz. Allow the
remaining parameters to take their default values as shown in
Figure 2-22.

14.0pen the limit line editor by pressing Display, Limits, Limit 1,
Type (Upper) Edit.

15.The limit line data is displayed in Table below. Enter the data for
the first point by pressing Point, 1, Enter, Frequency, 9.75, MHz,
Amplitude, =80, dBm, Connected (Yes). Enter the subsequent points in
the same manner.
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Table 2-2

Figure 2-22

Limit Line Data

Making Complex Measurements
Making Measurements Using Segmented Sweep (ESA E-Series Analyzers only)

Point Frequency | Amplitude | Connected
1 9.75 MHz - 80dBm Yes
2 9.8 MHz -75dBm Yes
3 9.9 MHz -70dBm Yes
4 9.95 MHz 6 dBm Yes
5 10.05 MHz 6dBm Yes
6 10.1 MHz -70dBm Yes
7 10.2 MHz -75dBm Yes
8 10.25 MHz -80dBm Yes
9 19.95 MHz -30dBm Yes
10 29.95 MHz -15dBm Yes
11 30.05 MHz -15dBm Yes

16.Turn the limits on by pressing Return, Limit (On).

17.Press Test (On) to determine if the fundamental and harmonics pass
the specified limits test.

Phase Noise and Harmonic Measurements

- Agilent

BE:15:42 Oct 23, 2001

|

’

]
‘ |
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N

This procedure verifies compliance with phase noise and harmonics
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specifications. You can save this instrument state and limit lines in a
“setup” type file for future applications (File, Save, Type, Setup,
Save Now). Replace the 10 MHz reference signal of the analyzer with
the device under test (DUT) to create a similar measurement.

Making Measurements Using Segmented Sweep
Example 3:

This example will demonstrate the differences in sweep time required
for some measurements using the standard sweep mode verses the
segmented sweep mode. First you will measure a signal the standard
sweep mode then you will measure the same signal using segmented
sweep.

Signal Measured Using Standard Sweep Mode
1. Turn on the 50 MHz amplitude reference signal of the analyzer.

For the E4401B and E4411B, use the 50 MHz amplitude reference
signal of the analyzer as the signal being measured. Press Preset,
Factory Preset (if present), Input/Output, Amptd Ref (On).

For all other models connect a cable between the front-panel
AMPTD REF OUT to the analyzer INPUT, then press Preset,
Factory Preset (if present), Input/Output, Amptd Ref Out (On).

2. Set the Center frequency to 50 MHz. Press FREQUENCY, 50, MHz.

3. Set the span from 20 MHz to 170 MHz by pressing Start Freq, 20,
MHz, Stop Freq, 170, MHz.

4, Set the resolution bandwidth to 1 kHz. Press BW/Avg, Res BW, 1,
kHz.

5. Set the video bandwidth to 1 kHz by pressing Video BW, 1, kHz.
6. Set the number of points to 401. Press Sweep, Points, 401, Enter.

7. Set the Reference level to -20.00 dBm by pressing AMPLITUDE,
Ref Level, =20, dBm.

8. The attenuation should be set at 0 dBm by pressing Attenuation, O,
dBm.

9. Place a marker at the 50 MHz signal by pressing Peak Search. Refer
to Figure 2-23 to see the result of this first measurement in this
example. Notice the minimum sweep time is set at 193.3 seconds in
order to provide accurate data. If you attempt to enter a faster sweep
time, the Meas Uncal message is shown in the upper right corner of
the display.
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Figure 2-23 Longer Sweep Times are Required Without Segmented Sweep
# Agilent  08:21:31 Oct 23, 2001

Marker
50.0000P0 MHz

-20.21 HBm

WBH 1 kHz

Signal Measured Using Segmented Sweep Mode
The same signals will now be monitored using segmented sweep.

1. Ensure that the 50 MHz amplitude reference signal is turned on as
you did in step 1, above.

2. The reference level for this example is set to —20 dBm by pressing
Amplitude, Ref Level, —20 dBm. Set the attenuation to 5 dB by
pressing Attenuation, 5, dB.

3. Open the segmented sweep editor. Press Sweep, Segmented, Modify,
Edit.

4. Set up the three segments shown in Figure 2-24 to view the
fundamental, second harmonic, and third harmonic.

5. Set the center frequency of the first segment to 50 MHz by pressing
Segment, 1, Enter, Center Freq, 50, MHz.
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6. Set the span to 100 kHz by pressing Span, 100, kHz.
7. Set the video bandwidth to 30 Hz by pressing Video BW, 30, Hz.

The remaining parameters will automatically be set to the default
values for points and sweep time.

8. Set the center frequency of the second segment to 100 MHz by
pressing Segment, 2, Enter, Center Freq, 100, MHz.

9. Set the span to 100 kHz by pressing Span, 100, kHz. Allow the
remaining parameters to take their default values as shown in
Figure 2-22.
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10.Set the video bandwidth to 30 Hz by pressing Video BW, 30, Hz.

The remaining parameters will automatically be set to the default
values for points and sweep time.

11.Set the center frequency of the third segment to 150 MHz by
pressing Segment, 3, Enter, Center Freq, 150, MHz.

12.Set the span to 100 kHz by pressing Span, 100, kHz.
13.Set the video bandwidth to 30 Hz by pressing Video BW, 30, Hz.

The remaining parameters will automatically be set to the default
values for points and sweep time.

Notice the total sweep time for the 3 segments is only 5.42 seconds.
This is considerably shorter than the 193.3 seconds required to view the
same signals without segmented sweep.

Figure 2-24 Reducing Sweep Time with Segmented Sweep
W Agilent  99:05:31 Dct 23, 2001

Atten 5 dB

30.00000000 Hz

SEUSPIVT YOLL TSN AU ORI SO | DU

2
c
)
e
o
=}
0
©
0
=
x
o
o
(S
3
@)
o
£
=
<
=

108Chapter 2



Making Complex Measurements
Making Power Measurements on Burst Signals

Making Power Measurements on Burst Signals

The Burst Power measurement is a very accurate method of
determining the average power for the specified burst. The analyzer is
set into zero-span mode, with a sweep time that captures at least one
burst. The default is just more than a single burst, but the user may
change this using the ‘Sweep Time’ softkey in the ‘Sweep’ menu.

The following example demonstrates how to make a burst power
measurement on a BluetoothO signal broadcasting at 2.402 GHz.

Burst Power Measurement of a Bluetooth Signal
Example 1:

1. Connect a DH1 BluetoothD signal to the analyzer input.

2. Press Preset, Factory Preset (if present), FREQUENCY, Center Freq,
2.402, GHz to set the frequency of the signal to be measured.

3. Set the attenuation to auto by pressing AMPLITUDE, Attenuation (Auto)
to prevent IF Overload.

4. Press Mode Setup, Radio Std, More, Bluetooth to set the radio
standard to Bluetooth.

5. Press Mode Setup, Std Setup, Packet Type (DH1) to set the DH1
BluetoothO standard.

6. Press MEASURE, More, Burst Power to select the burst power
measurement.

7. Optimize the reference level signal by pressing Meas Setup,
Optimize Ref Level. This automatically sets the best reference level
for this measurement on this signal.

8. If you have firmware revision A.07.xx, go to step 9 AND SKIPPING
step 10. If you have firmware A.08.xx or later and Option B7E with
board part number E4401-60224 or higher, go to step 10. (To
determine firmware revision level, press System, More, Show System.
To determine board part number, press System, More, Show Hdwr.)
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9. Press Trig, Video to steady the display and synchronize the
measurement with the signal. This triggers the measurement at the
point at which the rising signal crosses the lower horizontal green
line on the display. If an external trigger is available, connect this to
Gate Trig/Ext Trig on the rear of the instrument and press Trig,
External. It might be necessary to adjust the trigger level (as
indicated by the lower horizontal green line) by rotating the front
panel knob or by entering a numeric value on the keypad. In this
example, set the trigger level to -30 dBm as shown in Figure 2-25
below.

10.To steady the display and synchronize the measurement with the
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signal, press Trig, RF Burst. If you do not get a display similar to
Figure 2-25, it might be necessary to adjust the trigger level by
pressing More, RF Burst Setup, Trigger Level, and then rotating the
front panel knob or by entering a numeric value on the keypad until
the signal stabilizes on the display. You may also need to use the
other settings in this menu to adjust the display.

Figure 2-25 Burst Power Measurement on a Bluetooth Signal
# Agilent  89:33:53 Oct 23, 2001

DH1 Ch Freq 2.482 GHz Trig RF B

Burst Power Bluetooth _-

Center 2.402000000 GHz

#Atten 5 dB

4 ,-“|,.."'llall'n"lﬂqlliﬂr,h'l. rﬁfﬁw‘? J \‘1|‘"'l"lll\lllkr‘l"'l_‘rl" l, r""',ff"‘“;

Amplitude Threshold
Current Data

NOTE Although the Trigger Level allows the analyzer to detect the presence of
a burst, the Burst Power measurement is determined by the threshold
level, as described next.

11.Press Meas Setup, Threshold Lvl (Rel) to set the relative level above
which the burst power measurement will be calculated. Press -10,
dB to set the threshold level for this example.

The burst power measurement is started from the position where the
rising signal level rises above this threshold, and finishes when the
signal passes below it. The threshold level is indicated on the display
by the upper horizontal line. If you have a color display using the
default display colors, it is shown as a green line. In this example,
the threshold level has been set to be 10 dB below the reference
value. The mean power of the burst is measured from all data above
the threshold level.
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Figure 2-26 Manually Setting the Threshold Level
“ Agilent  89:36:10 Oct 23, 2001

DH1 Ch Freq 2.482 GHz Trig RF B

Burst Power #Bluetooth _-
Threshold Level -10.80 dB

ut Power Amplitude Threshold
Jurst Lidth) Current Data

-22.53 dBm Output Pur Max Pt
Full Burst Hidth: 371.1 ps m dB

12.To measure just the central 200 us of the burst: Press Meas Setup,
Meas Method, Measured Burst Width, Burst Width (Man), 200, us to
specify the burst width for which the measurement will be taken.

The burst width is indicated on the screen by two vertical white
lines. These two white lines moved in towards the center of the
graphical display when you set the burst width to 200 ps as shown in
Figure 2-27 below. This specifies the time period (burst width) used
to calculate the measurement.

Manually setting the burst width allows you to make it a long time
interval (to include the rising and falling edges of the burst) or to
make it a short time interval, thus measuring only a small central
section of the burst.
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Figure 2-27 Manually Setting the Burst Width
5 Agilent  99:39:16 Oct 23, 2601

DH1 Ch Freq 2.482 GHz Trig RF B

Burst Power #Bluetooth _-
Burst Hidth 200.8 ps

#Atten 5 dB

Amplitude Threshold
Current Data

Full Burst Hidth:

NOTE The Bluetooth[d standard states that power measurements should be
taken from the central 60% of the burst only. Other radio standards use
different figures.

NOTE If you set the burst width manually to be wider than the screen's
display, the vertical white lines will move off the edges of the screen.
This could give misleading results as only the data on the screen can be
measured.

13.Change the sweep time to display more than one burst at a time:
Press Sweep, Sweep Time, 6200, us (or 6.2, ms) using the numeric
keypad.

The screen display will now show several bursts in a single sweep as
shown in Figure 2-28 below. The burst power measurement will
measure the mean power of the first burst, indicated by the vertical
white lines either around it or, as in this example, within it.
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Figure 2-28 Displaying Multiple Bursts
i Agilent  09:40:19 Oct 23, 2001

DH1 Ch Freq 2.402 GHz Trig RF B

Burst Power #Bluetooth _-

Sweep Time 6.200 ms

Uutput Power Hmplltude Threshold
o red Burst Width) Current Data

-22.51 dBm Outpqt Pur Max Pt

Full Burst Hidth: 1 ps dBm -

NOTE Although the burst power measurement still runs correctly when
several bursts are displayed simultaneously, the timing accuracy of the
measurement is degraded. For the best results (including the best
trade-off between measurement variations and averaging time), it is
recommended that the measurement be performed on a single burst.
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Making Statistical Power Measurements
(CCDF) (Option AYX or B7D only)

What is a CCDF (Complementary Cumulative
Distribution Function) Measurement?

All CDMA signals, and W-CDMA signals in particular, are
characterized by high power peaks that only occur infrequently. It is
important that these peaks are preserved otherwise separate data
channels will not be received properly. Too many peak signals can also
cause spectral regrowth. If a CDMA system works well for most of the
time and only fails occasionally, this can often be caused by compression
of the higher peak signals.

The CCDF measurement is a statistical measurement of a signal’s
high-level or peak power. It shows in both graphical and tabular form
for what percentage of the time a signal exceeds its average power, and
by how much this average is exceeded.

The following example shows how to make a CCDF measurement on a
W-CDMA signal broadcasting at 1.96 GHz.

Power Stat CCDF Measurement of a W-CDMA Signal
Example 1:

1. Connect a W-CDMA signal to the analyzer input.

2. Set the frequency of the signal to be measured by pressing Preset,
Factory Preset (if present), FREQUENCY, Center Freq, 1.96, GHz.

3. Press Mode Setup, Radio Std, W-CDMA to set the radio standard to
Wideband CDMA

4. Press Std Setup, Device (BTS) to set up the Base Station W-CDMA
radio standard.

5. Press MEASURE, Power Stat CCDF to select the Power Stat CCDF
measurement

6. Finally, press Meas Setup, Optimize Ref Level to optimize the
reference level. This automatically sets the best attenuation and
reference level for this measurement on this signal.
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Figure 2-29 Power Stat CCDF Measurement on a W-CDMA Signal
% Agient  14:05:58 Aug 23, 2001

|
Base Ch. Freq 1.96 GHz Trig Free
CCDF HCDMA 3GPP [SiMiICIRNY-

Average Power
-2.21 dBm

7. Press Display, Store Ref Trace to store your current measurement
trace for future reference. When the Power Stat CCDF measurement
is first made, the graphical display should show a signal typical of
pure noise. This is labelled ‘Gaussian’, and is shown in aqua. Your
measurement will show as a yellow plot. You have stored this
measurement’s plot to make for easy comparison with subsequent
measurements.

8. Press Ref Trace (On) to display the stored trace. The stored trace
from your last measurement is displayed as a magenta plot (as
shown in Figure 2-30), and allows direct comparison with your
current measurement.

Figure 2-30 Storing and Displaying a Power Stat CCDF Measurement
w Aglent  14:16:17 Aug 23, 2001

Base Ch. Freq 1.96 GHz Trig Free
CCOF
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Average Power
-2.24 dBm
49.77%
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NOTE

Figure 2-31

NOTE
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9. Press Meas Setup, Meas BW, 1, MHz to change the measurement
bandwidth to 1 MHz.

The measurement bandwidth range is dependent on the options
installed. There is only a discrete number of settings available which
run in a sequence of 1, 3, 10, 30... as well as the 5 MHz default setting.
If you choose a measurement bandwidth setting that the machine
cannot display, it will automatically set itself to the closest available
bandwidth setting.

10.Press Counts, 1, kpoints to change the number of measured points
from 100,000 (100 k) to 1,000 (1 k). Reducing the number of points
decreases the measurement time, however the number of points is a
factor in determining measurement uncertainty and repeatability.
Notice how the displayed plot loses a lot of its smoothness. You are
gaining speed but reducing repeatability and increasing
measurement uncertainty.

Reducing the Number of Measurement Points to 1,000
% Agilent  14:19:54 Aug 23, 2001

Base Ch. Freq 1.96 GHz Trig Free
CCDF

Average Power
-7.14 dBm

The number of plots collected per sweep is dependent on the sampling
rate and the measurement interval. The number of samples that have
been processed will be indicated at the top of the screen. The graphical
plot will also be updated so you will be able to see it getting smoother as
measurement uncertainty is reduced and repeatability improves.

11.Press SPAN, X-Axis, 1, dB to change the scale of the X-axis. The
X-axis scale can be changed to suit the measurement you are
making.
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Making Measurements of Adjacent Channel
Power (ACP)

The Adjacent Channel Power (ACP) measurement is sometimes
referred to as the Adjacent Channel Power Ratio (ACPR) in CDMA
measurement literature. We will use the term ACP to refer to this
measurement.

ACP measures the total RMS power in the specified channel and in up
to six pairs of offset frequencies. The measurement result reports the
ratios of the offset powers to the main channel power. The offset
frequencies (the adjacent channels being measured) can be modified at
any time, but the default values are those specified by the relevant
international standards. The results are displayed by default both as
power relative to the carrier (in dB or dBc) and as absolute power
(dBm).

NOTE Measurement results are reported in dB when Mode Setup, Radio Std,
PDC or Mode Setup, Radio Std, NADC, Std Setup, MS is selected.

The following example shows how to make an ACP measurement on a
W-CDMA Base Station signal broadcasting at 1.96 GHz.

Example - ACP Measurement on a Wideband CDMA
Base Station Signal:

1. Connect a Wideband CDMA signal at 1.96 GHz to the analyzer’s
input.

2. Set the frequency to be measured by pressing Preset, Factory Preset
(if present), FREQUENCY, Center Freq, 1.96, GHz.

3. Set the W-CDMA radio standard by pressing Mode Setup, Radio Std,
W-CDMA.
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4. Select base station mode by pressing Mode setup, Std setup,
Device (BTS).

NOTE Although this example refers to a Base Station measurement
throughout, the process for Mobile Station measurements is the same.

5. Select the Adjacent Channel Power measurement by pressing
MEASURE, ACP.

6. Optimize the signal reference level by pressing Meas Setup,
Optimize Ref Level. Results are displayed as shown in Figure 2-32.
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NOTE This optimization protects against input signal overloads, but does not
necessarily set the input attenuation for optimum measurement
dynamic range.

Figure 2-32 ACP Measurement on a Base Station W-CDMA Signal
% Agilent 13:48:12 Mar 23, 2002

Base Ch Freq 1.96 GHz Trig Free

Adj Channel Power 36pp H-conn [

#Atten 4 dB

Lot

|

A [Terwy N
a'u'n"wf ™ e B G A

7, e mL v o b

The Frequency Offsets, Channel Integration Bandwidths, and Span
settings can all be modified. They default to the relevant settings for
the radio standard you have currently selected.

Two vertical white lines indicate the bandwidth limits of the central
channel being measured.

Offsets A and B are designated by the adjacent pairs of red and
yellow lines, in this case: 5 MHz and 10 MHz from the center
frequency respectively.

7. Press Trace/View, Combined to display both the spectrum and bar
graph views of the results.
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8. Press Display, Full Screen to display a larger view of the trace as
shown in Figure 2-33.
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Figure 2-33 ACP Measurement in Full Screen Display
15:50:53 Oct 8, 2001

#Arten 15 dB

'v.-‘.-‘”".“1".1"1.#“"‘-"'

9. Press Meas Setup, Offset/Limits, Offset, C, Offset Freq (On), 15, MHz to
set a third pair of offset frequencies. This third pair of offset
frequencies will be offset by 15.0 MHz from the center frequency and
is shown on the screen by two more pairs of blue bars. (The blue bars
are not displayed if you have a monochrome display, but the numeric
readout in each channel is displayed.) An example screen with this
extra pair of frequencies is shown in Figure 2-34. Three further pairs
of offset frequencies (D, E and F) are available and are displayed
similarly.

Figure 2-34 Measuring a Third Adjacent Channel
s Agilent  15:52:09 Oct 8, 2061

Base Ch Freq 1.96 GHz Trig Free

Ad] Channel Power +36PP K-coMe |

Offset Freq 15.00000000 MHz

Bm  #Atten 15 dB

10.Press Offset (A), Neg Offset Limit, =55, dB, Pos Offset Limit, —55, dB,

Chapter 2119
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Figure 2-35

NOTE

Making Complex Measurements
Making Measurements of Adjacent Channel Power (ACP)

Offset (B), Neg Offset Limit, =65, dB, Pos Offset Limit, =65, dB, Offset
(C), Neg Offset Limit, —65, dB, Pos Offset Limit, =65, dB to set pass/fail
limits for each offset.

11.Press Meas Setup, More, Limit Test (On) to show the results as shown
in Figure 2-35. Offset A has passed, however Offsets B and C have
failed. Failures are identified by the red letter “F” next to the levels
(dBc and dBm) listed in the lower portion of the window called,
“RMS Results”. The offset bar graph is also shaded red to identify a
failure.

Setting Offset Limits
3 Agilent  15:54:06 Oct 8, 2001 ‘

Base Ch Freq 1.36 GHz Trig Free

Adj Channel Power =36PP H-cOMA [

Neg Offset Limit -65.80 dB

791 dBm #Atten 15 dB

You may increase the repeatability by increasing the sweep time.
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Making Measurements of Multi-Carrier Power
(MCP)

MCP measures the total power in two or more transmit channels and
their adjacent channels for up to three pairs of offset frequencies. The
offset frequencies can be modified at any time, but the default values
are those specified by the relevant international standard that you
select. This measurement is available with no radio standard selected
or when you select any of the following radio standards: None, 1S-95,
cdma2000 SR1, or W-CDMA. Results for carriers without power present
are displayed relative to the reference carrier. Results for adjacent
channels are displayed in absolute power (dBm).

The following example shows how to make an MCP measurement on
W-CDMA Base Station broadcasting 10 carriers. Eight carriers have
power present at the following frequencies: 1.0225 GHz, 1.0175 GHz,
1.0125 GHz, 1.0075 GHz, 992.5 MHz, 987.5 MHz, 982.5 MHz, and 992.5
MHz.

NOTE When Radio Std, None is selected you must manually set most
parameters required to perform this measurement. When selecting
Radio Std, W-CDMA 3GPP, these parameters are already set by the
analyzer.

Example - MCP Measurement on a Wideband CDMA
Base Station Signal:

1. Set the Mode to Spectrum Analysis.

Press Mode, Spectrum Analysis.

2. Connect a W-CDMA signal with multiple carriers broadcasting at
the frequencies stated above.

3. Set the center frequency of the analyzer to the midpoint of all the
carriers to be measured.between the main channel center frequency
and the second carrier center frequency. In this example, that would
be 1.0 GHz.
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Press Preset, Factory Preset (if present), FREQUENCY, Center Freq, 1,
GHz.

4. Set the W-CDMA radio standard by pressing Mode Setup, Radio Std,
W-CDMA.

5. Select base station mode by pressing Mode setup, Std setup,
Device (BTS).
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NOTE Although this example refers to a Base Station measurement
throughout, the process for Mobile Station measurements is the same.

6. Select the Multi Carrier Power measurement by pressing MEASURE,
Multi-Carrier Power.

7. Optimize the signal reference level by pressing Meas Setup,
Optimize Ref Level.

8. Set the carrier number to 10. Press Carrier Setup, Carriers, 10, Enter.

9. Configure carrier 5 to have no power present. Press Configure
Carriers, 5, Enter, Carrier Pwr Present (No).

10.Repeat step 5, configuring carrier 6 to have no power present.

11.Display the results in full screen view. Press Display, Full Screen.
Refer to Figure 2-36.

Figure 2-36  MCP Measurement on a Base Station W-CDMA Signal
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In this example, the intermodulation falls outside the transmit
channels which are marked by the colored vertical lines. The white
set indicates the reference carrier. The red sets contain the carriers
with power present and the blue lines mark the carriers without
power present. Limits for the upper and lower offsets can also be set
as shown in the example: “Making Measurements of Adjacent
Channel Power (ACP)” on page 117.

12.View the results table of carriers 7-10. Press Meas Setup, Carrier
Result, 7, Enter.

13.View the results in a combined spectrum and bar graph by pressing
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Trace/View, Combined.

Figure 2-37 Combined Spectrum and Bar Graph View
3 Agilent 16:22:31 Apr 15, 2662

Base Ch Freq 1 GHz Trig Free

Multi-Carrier Power zerp W-conA [

14.Save the results file to a disk. Press File, Save, Type, Measurement
Results, Save Now.

The results are stored in a comma separated values format to be
viewed by any personal computer spreadsheet application. All data
shown on the display is included in this file.
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NOTE

Making Complex Measurements
Demodulating and Viewing Television Signals (Option B7B)

Demodulating and Viewing Television Signals
(Option B7B)

Option B7B (TV Trigger and Picture on Screen) allows you to trigger
the sweep of the analyzer on a specific television line of a demodulated
TV waveform. Option B7B also allows you to view the television picture
represented by the TV waveform on the color LCD display of the
analyzer.

The following examples describe how to set the analyzer for viewing the
demodulated TV waveform, viewing the TV picture, and measuring the
depth of modulation of the RF carrier.

Demodulating and Viewing Television Signals
Example 1:

To set up the TV video waveform for triggering and picture viewing on
the analyzer, perform the following:

1. Connect a source which contains suitable TV carrier signals (for
example, terrestrial broadcast or CATV signals).

2. Press System, Alignments, Auto Align, Off to disable the background
alignment process while viewing TV waveforms and TV pictures.
This is necessary to prevent the background alignment process from
interrupting the signal paths of the analyzer during the sweep
retrace period so as to maintain a constant, uninterrupted video
waveform.

After viewing the TV waveform or picture, re-enable the background
alignment process by pressing System, Alignments, Auto Align, All. If the
background alignment has been disabled for more than 60 minutes or
the ambient temperature has changed more than 3 degrees centigrade,
press System, Alignments, Align Now, All to ensure measurement
accuracy. See the Specifications and Characteristics Chapter for your
analyzer model in the specifications guide, for information about
alignment requirements.

3. Set the center frequency of the analyzer to match the TV video
carrier frequency by pressing FREQUENCY, then entering the desired
value and units.

4. Set the span to 20 MHz by pressing SPAN, 20, MHz.

5. Press Auto Couple. Press the Auto All softkey, if present (newer
software only).

6. Adjust the reference level of the analyzer to the peak video carrier
level by pressing AMPLITUDE and using the knob or step keys.
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NOTE If the signal is weak and accompanied by excessive noise, you may
choose to enable the internal preamp, if installed, to improve the
signal-to-noise ratio. Press AMPLITUDE, More, Int Preamp (On).

7. View the spectrum. There should be a strong, “noise-like” video
carrier at the center frequency, a weaker, “noise-like” chrominance
sub-carrier located 3.58 MHz (NTSC standard) or 4.3 to 4.4 MHz
(PAL or SECAM standards) above the video carrier, and a
tightly-grouped sound carrier located 4.5 to 6.5 MHz above the video
carrier. If you are viewing broadcast or cable TV signals, the lower
adjacent channel sound carrier may be very close to the video carrier
at the center frequency.

8. Press BW/Avg, Res BW, 3, MHz to change the resolution bandwidth of
the analyzer to 3 MHz. If the test signal does not have adjacent
channels present, change the resolution bandwidth to 5 MHz.
However, if strong adjacent channel signals are present (primarily
the sound carrier of the lower adjacent channel), set the resolution
bandwidth and video bandwidth to 1 MHz.

9. Press AMPLITUDE, Scale Type (Lin) to set the amplitude scale type of
the analyzer to Linear.

10.Press Det/Demod, Detector, Sample to set the detector mode of the
analyzer to Sample.

11.Set the span to 0 Hz by pressing SPAN, Zero Span.

12.Press AMPLITUDE and using the knob or arrow keys, adjust the
reference level so that the signal peaks are within half of a division
of the top of the display.

13.Press Trig, TV Trig Setup and set the following in the TV Trig Setup
menu: Press Field, Entire Frame. Press Sync (Pos) (Sync (Neg) if
viewing a SECAM broadcast). Press Standard and then select the
appropriate standard for the video signal. Press TV Source, SA.

14.Press Trig, TV to enable the TV trigger. The default line number for
triggering can be changed to any value from 1 to 525 or from 1 to
625, depending on the selected video standard.
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15.1f you have Option AYX (Fast Digitized Time Domain Sweeps) or
Option B7D (DSP and Fast ADC), press Sweep, Sweep Time, 500, ps.
This allows you to view several TV lines.

A time domain display of the demodulated TV waveform will now be
visible. The signals used for Figure 2-38 and Figure 2-39 were produced
by a Phillips PM 5518-TX Color TV Pattern Generator.
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Figure 2-38 Demodulated RF Waveform (NTSC; PAL is Similar)
= Agilent  11:35:24 Aug 25, 1999

Ref 11 mY Atten 5 dB
Peak )

Center 55.25 MHz
Res BH 3 MHz VBH 3 MHz #Sweep 500 ps

Figure 2-39 Demodulated RF Waveform (SECAM)
i Agilent  16:15:49 Aug 18, 1999
Ref 16.96 mV Atten 5 dB

Samp
Lin

55.17 MHz Span @ Hz
H 3 MHz VBH 3 MHz #Sweep 500 ps
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If Trig, TV is the active function, the line number used to trigger the
analyzer sweep can be changed to examine the different parts of the
video waveform. The line numbering scheme varies with TV standard,
but TV test patterns will often be inserted in or near line 17.
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NOTE
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Viewing the TV Picture
To view the TV picture, perform the following:

1. Press Sweep, Sweep Time, 100, s to set the sweep time to 100
seconds. The long sweep time is necessary to minimize disruption of
the analog signal path during instrument retrace, which optimizes
picture quality.

2. To obtain the best color picture quality with NTSC and PAL signals,
set the center frequency 1.75 MHz above the video carrier frequency.
This centers the analyzer’s tuned frequency between the video
carrier and the color subcarrier. Press Frequency, CF Step, 1.75 MHz,
Center Freq, 1.

3. Press Trig, TV Trig Setup, TV Monitor.

TV Picture Display

finigiglplplniptc

When the picture is active, you can adjust the value of the function that
was active prior to enabling the picture. For example, if center
frequency was the active function and the frequency step size was set to
the TV channel frequency spacing, you can increment or decrement
through the TV channels by pressing the step keys (U ) of the analyzer.
If resolution bandwidth was the active function, you can increase or
decrease the amount of filtering to deal with strong adjacent channel
signals.

When using the knob to vary the value of the active function, be aware
that the instrument settings will not be updated until you stop turning
the knob. Make small movements of the knob with frequent pauses.
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Demodulating and Viewing Television Signals
Example 2:

Measure Depth of Modulation

The depth of modulation provides a measure of the percentage of
amplitude modulation (AM) on the visual carrier. With Option B7B, the
analyzer can be used to measure the horizontal synchronization pulse
level and vertical interval test signal (VITS) white level on an
individual TV line from which a calculation of percent AM can be made.
Note that this measurement method will not be valid for some types of
scrambled video signals.

To perform a measurement of depth of modulation on an individual TV
line, perform the following steps:

Before continuing, be sure you have performed the steps in Example 1
at the beginning of this section, “Demodulating and Viewing Television
Signals (Option B7B)” on page 124 to display a TV waveform on the
analyzer display with linear scaling.

1. Press Trig, TV, and enter a line number which has a TV test signal
containing the reference white level within the waveform (100 IRE)
such as the FCC, NTC-7 or ITU Composite Test Signal (typically
found at or near line 17 within field 1 or field 2).

2. Set the sweep time to 80 ps (Option AYX or B7D required) by
pressing Sweep, Sweep Time, 80, us. This allows viewing of a
complete TV line.

3. Set the resolution bandwidth and the video bandwidth to 1 MHz by
pressing BW/Avg, Res BW, 1, MHz and Video BW, 1, MHz.

4. Turn on video averaging by pressing BW/Avg, Average (On), and
entering a value of 10. This minimizes the waveform variations
caused by the presence of additional RF signals near the picture
carrier, as well as waveform noise or jitter.

5. Enable the marker by pressing Marker, Normal. Using the knob,
locate the marker within the sync tip (NTSC or PAL waveforms) or
the white level (SECAM waveforms) at the top of the waveform.
Alternatively, you may press Peak Search to locate the marker on the
peak excursion.

6. Enable delta marker mode by pressing Marker, Delta. Using the knob,
locate the delta marker within the white level (NTSC or PAL
waveforms) or the sync tip (SECAM waveforms) at the bottom of the
waveform. Alternatively, you may press Peak Search, Min Search to
locate the delta marker on the minimum excursion of the waveform.
The delta marker readout will be in percent and may have a value
near 12.5%.
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Figure 2-41 Measuring Marker Delta (%) for Depth of Modulation (NTSC)
i Agient  15:18:47 Aug 18, 1999

Atten 5 dB

=

lf“_"‘) Ilr"\ ~

|
|
|
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|
%.,;Il

Mar\ker A ||'

-12 60000000 [
12.26.7

Span @ Hz
#UBH 1 MHz #Sweep 80 ps

The depth of modulation (in percent) can now be determined by
subtracting the marker readout (in percent) from 100. A typical value
would be 87.5%.

TV Trig Setup Menu Functions

e TV Source

When TV Source is set to SA, the analyzer serves to demodulate the
TV signal, thus using the analyzer as a fixed tuned receiver. This
allows stable, zero span sweeps of the baseband video waveform
(although somewhat band limited by the RBW and VBW filters).

When TV Source is set to EXT VIDEO IN, an external baseband video
signal may be used to produce the TV line trigger. In this case, one
may use an external TV tuner to obtain the baseband waveform of
the given RF carrier for triggering the analyzer sweep, allowing the
analyzer to be used in a swept mode for measurements of the RF
spectrum, allowing the sweep to be synchronized to the video
modulation. The EXT VIDEO IN connector is located on the rear panel
of the analyzer.

e TV Standard

Selection of a TV standard establishes the number of TV lines and
the kind of color encoding method that is used. The number of TV
lines establishes the defaults for the TV line counting circuits of the
analyzer and the color encoding method is used to properly set up
the TV picture display circuits. Option B7B supports both 525 line
and 625 line systems and can provide a color TV picture for NTSC
and PAL color encoding methods. A black and white picture is
provided for the SECAM method.

The ability to display a color picture is limited by the bandwidth
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settings of the analyzer (resolution bandwidth and video
bandwidth). However, baseband video signals input to the EXT
VIDEO IN connector on the rear panel of the analyzer are minimally
filtered, allowing a full color display of NTSC or PAL TV signals.

Table 2-3

TV Standard | Number of | Approximate | Color Color
Lines per Field Rate Encoding Subcarrier
Frame Method Frequency

NTSC-M 525 60 Hz NTSC 3.58 MHz

NTSC-Japan 525 60 Hz NTSC 3.58 MHz

(no pedestal)

PAL-M 525 60 Hz PAL 4.43 MHz

PAL-B,D,G,H, | 625 50 Hz PAL 4.43 MHz

I

PAL-N 625 50 Hz PAL 4.43 MHz

PAL-N 625 50 Hz PAL 3.58 MHz

Combination

SECAM 625 50 Hz SECAM 4.406 MHz,

4.250 MHz
= Field

A television image or frame is composed of 525 (or 625 lines)
delivered in two successive fields of 262.5 (or 312.5 lines) interlaced
together on a CRT when displayed.

When Field is set to Entire Frame, the line count starts at line one in
field one (often referred to as the “odd field”) and ends at 525 (or 625)
in field two (often referred to as the “even field”).

When Field is set to Field One or Field Two, the line count begins at “1”
with the first full line in the selected field and ends at count 263 (or
313) for Field One, and 262 (or 312) for Field Two.
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e Sync

Analog broadcast or cable television signals are usually amplitude
modulated on an RF carrier. For NTSC and PAL broadcasts,
typically the RF carrier amplitude is maximized at the sync tips of
the baseband video waveform and minimized at the “white” level.
This results in a demodulated waveform on the analyzer where the
sync pulses are on top, or positive (Sync (Pos)).
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With SECAM broadcasts, typically the RF carrier amplitude is
minimized at the sync tips of the video waveform and maximized at
the “white” level. This results in a waveform on the analyzer where
the sync pulses are at the bottom, or negative (Sync (Neg)).

A normal baseband video waveform for all TV standards will have
the sync tips on the bottom. When TV Source is set to Ext Video In,
Sync should be set to Neg.

e TV Monitor

When TV Monitor is pressed, the picture represented by the video
waveform selected with TV Source is presented on the LCD display of
the analyzer. The picture can only be viewed, not printed or saved.
Pressing a key that normally brings up a menu restores the original
graphical display with the selected menu enabled.

Fast Time Domain Sweeps

Trigger delay can be used to move the sweep trigger point arbitrarily
across a given TV line or lines to allow closer examination of waveform
patterns (Press Trig, Trig Delay, and enter a delay time).

In fast sweeps (20 ps to less than 5 ms), there may be up to one trace
point of variation in the start time of the waveform digitalization
process with respect to the actual TV trigger pulse. This randomness
leads to the appearance of visual jitter on the LCD display of the
analyzer. In this situation, video averaging may be used (N =5, for
example) to improve the “visual stability” of the displayed waveform.
This type of jitter does not occur when sweep times are set greater than
or equal to 5 ms where digitalization begins less than 100 ns after the
trigger pulse in that mode (much less than 1 trace point of jitter).
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Using External Millimeter Mixers
(Option AYZ2)

External millimeter mixers can be used to extend the frequency
coverage of the E4407B spectrum analyzer. Agilent Technologies
manufactures external mixers that do not require biasing and cover
frequency ranges from 18 GHz to 110 GHz. Other manufacturers sell
mixers that extend the range to 325 GHz, but may require biasing. The
Agilent Technologies E4407B spectrum analyzer will support both types
of mixers.

The Agilent Technologies E4407B spectrum analyzer contains an
extensive menu of functions that help with millimeter measurements.
The following examples explain how to connect external mixers to the
spectrum analyzer, how to choose the band of interest, how to store and
activate conversion-loss factors, and how to use the signal-identification
functions.

Example 1: Making Measurements With
Unpreselected Millimeter-wave Mixers

1. Connect the signal source and harmonic mixer to the analyzer as
shown in Figure 2-42.

Figure 2-42
SPECTRUM ANALYZER SPECTRUM ANALYZER
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CAUTION The analyzer local oscillator output power is approximately +16 dBm.
Be sure that your external harmonic mixer can accommodate the power
level before connecting it to the analyzer.

NOTE Agilent 5061-5458 SMA type cables should be used to connect the mixer
IF and LO ports to the analyzer. Do not over-tighten the cables. The
maximum torque should not exceed 112 N-cm (10 in-1b.)

2. On the analyzer, press Preset, Factory Preset, if present. Select
external mixing by pressing Input/Output, Input Mixer,
Input Mixer (Ext). The analyzer frequency band will be set to
26.5 - 40 GHz (A). To choose a different band, press Ext Mix Band and
then press the desired band frequency range/letter key. For this
example, we will use band A, which ranges from 26.5 GHz to
40 GHz.

3. To correct for the conversion-loss of the harmonic mixer in use, the
analyzer amplitude correction feature is used. Access this feature by
pressing, AMPLITUDE Y Scale, More, Corrections. Select a correction
set for use with external mixing. The recommended set to use is
Other although any available set could be used. Press Edit to enter
the appropriate conversion loss data for the mixer in use. On the
Agilent 11970 harmonic mixers, these values are listed on the mixer.
A single average value could be entered for the entire band by using
only a single correction value. More correction points entered across
the band in use will improve frequency response accuracy. Up to 200
points may be defined for each set. Once the desired correction
points are entered, press Return, Correction (On) to activate
correction set Other. This will also turn corrections on resulting in a
calibrated display. It is recommended that the correction set entered
be saved on the internal memory or the floppy drive for future
reference.

4. The IF output of a harmonic mixer will contain a signal at the
intermediate frequency of the analyzer whenever the harmonic
frequency of the LO and the frequency of the RF differ by the
intermediate frequency. As a result, within a single harmonic band,
a single input signal can produce multiple responses on the analyzer
display, only one of which is valid (see Figure 2-43). These responses
come in pairs, where members of the valid response pair are
separated by 642.8 MHz and either the right-most (for negative
harmonics) or left-most (for positive harmonics) member of the pair
is the correct response.
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Figure 2-43

o Agilent  09:19:20 Aug 10, 1999

Ref -10 dBm
Peak

Log

10

dB/

"~ Stop 40
VBH 3 MHz Sweep 22.5 ms

5. ldentification of valid responses is achieved by simply turning on the
signal-identification feature. (Preset selects the Image Suppress
signal identification mode.) Press Input/Output, Input Mixer,

Signal Ident (On) and note that now only the valid response (35 GHz)
remains. Refer to Figure 2-44. Press Peak Search to place a marker
on the remaining response. The signal-identification routine can
introduce slight amplitude errors which is indicated by the message
Signal ldent On, Anptd Uncal . After identifying a signal of
interest, press Signal Ident (Off) before making final amplitude
measurements.

Figure 2-44

i Agilent  09:16:43 Aug 10, 1999

Mkrl 35.01 GHz
Ref -18 dBm Ext Mix -15.76 dBm
Peak
Log
19
dB/ Signal Ident On, Amptd Uncal
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Stop 40
YBH 3 MHz Sweep 22.5

6. The Agilent 11970 Series harmonic mixers do not require bias.
Mixers requiring bias can also be used with the E4407B. Generally,

134Chapter 2



WARNING

NOTE

Figure 2-45

Making Complex Measurements
Using External Millimeter Mixers (Option AYZ)

the conversion loss calibration data for mixers requiring bias, will be
most accurate when the correct bias conditions are present. Set the
bias as follows:

a. To measure a signal, access external mixing and set the band as
described previously.

b. To activate bias press Input/Output, Input Mixer, Mixer Config,
Mixer Bias (On). A +I or —I will appear in the display annotation
indicating bias is on.

c. Enter the desired bias current in mA with the data control keys.

The open-circuit bias voltage can be as great as £3.5V through a
source resistance of 500 ohms. Such voltage levels may appear
when recalling an instrument state in which a bias setting has
been stored.

The bias value that appears on the analyzer display is expressed in
terms of short-circuit current (that is, the current that would flow if the
IF INPUT were shorted to ground). The actual current flowing into the
mixer will be less.

Example 2: Making Measurements with Agilent 11974
Series Preselected Millimeter-Wave Mixers

1. Connect the signal source and preselected mixer to the analyzer as
shown in Figure 2-45.

SPECTRUM ANALYZER

PRESEL TUNE
OUTPUT

MIXER
HP 11974 Series
POWER VAN
11974-60028
SIGNAL
SOURCE

bl71b
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Frequency Tracking Calibration

This procedure is used to align the frequency of the preselector filter of
the Agilent 11974 to the tuned frequency of the analyzer. This
procedure should be followed any time that the Agilent 11974 is
connected to a different analyzer. The calibration should be periodically
checked.

1. Set the Agilent 11974 rear-panel switches “Agilent 70907B” and
“LEDS” to the ON position, and the other two switches to the OFF
position, in order for the Agilent 11974 to properly scale to the tune
signal of the analyzer.

2. Configure the analyzer for a preselected external mixer by pressing
the following keys:

Preset, Factory Preset (if present), Input/Output, Input Mixer (Ext),
Mixer Config, Mixer Type (Presel)

3. Set the desired band of operation. Press Ext Mix Band, A, Q, U, or V.
(Note that only A,Q,U, and V bands are available.)

4. Set the Presel Adjust to 0 MHz by pressing AMPLITUDE,
Presel Adjust, 0, MHz.

5. Set the analyzer to zero span by pressing SPAN, Zero Span.

6. Set the analyzer center frequency by pressing FREQUENCY,
Center Freq, and enter the corresponding value for the appropriate
mixer. (Refer to Table 2-4) On the rear panel of the Agilent 11974,
adjust the corresponding potentiometer until one or both of the
green LEDs are lit.

Table 2-4

Mixer Analyzer Center | Potentiometer
Agilent P/N Frequency
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11974A 26.5 GHz “26.5 GHz Adjust”
11974Q 33.0 GHz “33.0 GHz Adjust”
119740 40.0 GHz “40.0 GHz Adjust”
11974V 50.0 GHz “50.0 GHz Adjust”
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7. Change the analyzer center frequency to the value indicated in
Table 2-5 and again adjust the corresponding potentiometer on the
rear panel of the HP 11974 until one or both of the green LEDs are
lit.

Table 2-5

Mixer Analyzer Center | Potentiometer
Agilent P/N Frequency

11974A 40.0 GHz “40.0 GHz Adjust”
11974Q 50.0 GHz “50.0 GHz Adjust”
11974U 60.0 GHz “60.0 GHz Adjust”
11974V 75.0 GHz “75.0 GHz Adjust”

8. Repeat steps 6 and 7 until the green LEDs are lit at both frequencies
without additional adjustments.

Band Selection

1. If necessary, configure the analyzer for preselected external mixing
by pressing the following keys:

Input/Output, Input Mixer (Ext), Mixer Config, Mixer Type (Presel)

2. If necessary, adjust the tracking of the Agilent 11974 to the analyzer
being used for preselected external mixing, by using the Frequency
Tracking Calibration procedure above.

3. Press the following keys to select the desired mixing band: (In this
example, we will use an Agilent 11974Q (33.0 to 50.0 GHZz) to view a
40 GHz, -15 dBm signal.)

Input/Output, Input Mixer, Ext Mix Band, 33-50 GHz (Q)
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Amplitude Calibration

1. Enter the conversion-loss versus frequency data from either the
calibration label on the bottom of the Agilent 11974, or the supplied
calibration sheet by using the procedure in step 3 of Example 1. The
full Q-band is displayed in Figure 2-46.

Figure 2-46
% Agilent  11:10:22 Aug 13, 1999

Ref -16 dBm Ext Mix
Peak

Stop 50 GHz
YBH 3 MHz Sweep 425 ms

2. To complete the amplitude calibration process, the preselector must
be adjusted at each frequency of interest. Before making final
amplitude measurements with the analyzer, perform the following:

a. Place a marker on the signal of interest.
b. Press SPAN, Span Zoom, 10, MHz to zoom in on the signal.
c. Press AMPLITUDE, Presel Center.

The final amplitude measurement can now be read out with the
marker. See Figure 2-47.
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Figure 2-47
5 Agilent  16:43:20 Aug 13, 1999

Ref -10 dBm

‘H\“ﬁ”w Whh T N W J]W uf. m

enter 40 GHz
es BH 100 kHz VBH 160 kHz
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Programming Examples

This chapter includes examples of how to program the analyzer using the analyzer
SCPI programming commands. Twelve examples are written for an analyzer with
an GPIB interface (Option A4H). Three examples are written for an analyzer with
an RS-232 interface (Option 1A X). These examples do not apply to analyzers
having Option 290 (8590 Series Programming Code Compatibility).
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List of Programming Examples

“Using Marker Peak Search and Peak Excursion”

“Using Marker Delta Mode and Marker Minimum Search”
“Performing Internal Self-alignment”

“Reading Trace Data using ASCII Format (GPIB)”
“Reading Trace Data Using 32-bit Real Format (GPIB)”
“Reading Trace Data Using ASCII Format (RS-232)”
“Reading Trace Data Using 32-bit Real Format (RS-232)”
“Using Limit Lines’

“Measuring Noise’

“Entering Amplitude Correction Data’

“ Status Regi ster—Determine When a M easurement is Done”
“Determineif an Error has Occurred”

“Measuring Harmonic Distortion (GPIB)”

“Measuring Harmonic Distortion (RS-232)"

“Performing an 1S-95A ACPR Base Station M easurement”
“Performing an ACPR Adjacent Channel Power Measurement”

“Making Faster Measurements (multiple measurements)”
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Programming Examples System Requirements

These exampl es were written for use on an IBM compatible PC configured as
follows:

(0]

(0]

Pentium processor

Windows 95 or Windows NT 4.0 operating system

C programming language

National Instruments GPIB interface card (for analyzers with Option A4H)
National Instruments VISA Transition Libraries (VTL)

COM1 seria port configured as follows (for analyzers with Option 1A X)

* 9600 baud

» 8databits

o 1 stop hit

* no parity bits

e hardware flow control

A HP/Agilent 82341C card may be substituted for the National Instruments GPIB,
and the HP VISA libraries may be substituted for the National Instruments VISA
Transition Libraries. If substitutions are made, the subdirectories for the include
and library fileswill be different than those listed in the following paragraphs.
Refer to the documentation for your interface card and the VISA libraries for
detalls.
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C Programming Examplesusing VTL

The programming examples that are provided in this guide are written using the C
programming language and the VTL (VISA transition library). This section
includes some basic information about programming in the C language. Refer to
your C programming language documentation for more details. (Thisinformation
is taken from the manual “HP VISA Transition Library”, HP part number
E2090-90026.) If you are using the National Instruments VISA library, most of
thisinformation will still apply, but theinclude and library fileswill bein different
subdirectories. Also, this information assumes a computer running a Windows 95
operating system with an HP/Agilent 82341C GPIB interface card is being used.
The following topics are included:

“Typical Example Program Contents’ on page 3-144
“Linking to VTL Libraries’ on page 3-145

“Compiling and Linking aVTL Program” on page 3-145
“Example Program” on page 3-147

“Including the VISA Declarations File” on page 3-147
“Opening a Session” on page 3-148

“Device Sessions’ on page 3-148

“Addressing a Session” on page 3-150

“Closing a Session” on page 3-151

Typical Example Program Contents

The following isasummary of the VTL function calls used in the example
programs.

vi sa. h Thisfileisincluded at the beginning of the file to provide the
function prototypes and constants defined by VTL.

Vi Sessi on The Vi Sessi on isaVTL datatype. Each object that will
establish a communication channel must be defined as
Vi Sessi on.

vi OpenDef aul t RM
You must first open a session with the default resource manager
with thevi QpenDef aul t RMfunction. This function will
initialize the default resource manager and return a pointer to
that resource manager session.

vi Open This function establishes a communication channel with the
device specified. A session identifier that can be used with other
VTL functionsis returned. This call must be made for each
device you will be using.

vi Printf

vi Scanf These arethe VTL formatted 1/O functions that are patterned
after those used in the C programming language. The
vi Printf call sendsthe SCPI commandsto the analyzer. The

144 Chapter 3



Programming Examples
C Programming Examples using VTL

vi Printf cal can aso be used to query the analyzer. The
vi Scanf call isthen used to read the results.

vi O ose This function must be used to close each session. When you
close adevice session, al data structures that had been allocated
for the session will be deallocated. When you close the default
manager session, all sessions opened using the default manager
session will be closed.

LinkingtoVTL Libraries
Your application must link to one of the VTL import libraries:
32-bit Version (assumes Windows 95 operating system):
C: \ VXI PNP\ W NO5\ LI B\ MSC\ VI SA32. LI Bfor Microsoft compilers
C: \ VXI PNP\ W N95\ LI B\ BQ\ VI SA32. LI B for Borland compilers
16-bit Version:
C:\ VXI PNP\ W N\ LI B\ MSC\ VI SA. LI B for Microsoft compilers
C:\ VXI PNP\ W N\ LI B\ BC\ VI SA. LI B for Borland compilers

See the following section for information on how to use the VTL run-time
libraries.

Compiling and Linkinga VTL Program

32-bit Applications (assumes Windows 95 oper ating system)

The following is a summary of important compiler-specific considerations for
several C/C++ compiler products when developing WIN32 applications.

For Microsoft Visual C++ version 2.0 compilers:
e SelectProject | Update Al Dependenci es from the menu.

e Select Proj ect | Settings fromthe menu. Click onthe C/ C++ button.
Select Code Generati onfromtheUse Run-Tinme Libraries list
box. VTL requiresthese definitions for WIN32. Click on OK to close the dialog
boxes.
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Select Proj ect | Settings fromthe menu. Click onthe Li nk button
andaddvi sa32.1i btotheObj ect / Library Mdul es list box.
Optionally, you may add the library directly to your project file. Click on OK to
close the dialog boxes.

You may wish to add the include file and library file search paths. They are set
by doing the following:

1. Select Tool s | Opti ons from the menu.

2. ClickontheDi r ect ori es button to set the include file path.

3. Select | ncl ude Fil es fromtheShow Di rectories For list box.
4

. Click on the Add button and type in the following:
C: \ VXI PNP\ W N95\ | NCLUDE

o

Select Li brary Fil es fromthe Show Di rectories For list box.

6. Click onthe Add button and type in the following:
C: \ VXI PNP\ W NO5\ LI B\ MSC

For Borland C++ version 4.0 compilers:

You may wish to add the include file and library file search paths. They are set
under the oti ons | Proj ect menu selection. Double click on
D rectori es fromthe Topi c¢s list box and add the following:

C \ VXI PNP\ W No5\ | NCLUDE
C \ VXI PN\ WNO5\ LI B\ BC

16-bit Applications

Thefollowing is a summary of important compiler-specific considerations for the
Windows compiler.

For Microsoft Visual C++ version 1.5:

To set the memory model, do the following:
1. Select Options | Project.

2. Click onthe Conpi | er button, then select Menmory Model from the
Cat egory list.

3. Click onthe Model list arrow to display the model options, and select
Lar ge.

4. Click on K to close the Conpi | er diaog box.

You may wish to add the include file and library file search paths. They are set
under theptions | Directories menu selection:

C\ VXI PNP\ W N | NCLUDE
C\VXIPNP\WN LI B\ M5C

Otherwise, the library and include files should be explicitly specified in the
project file.

146 Chapter 3



Programming Examples
C Programming Examples using VTL

Example Program

This example program queries a GPIB device for an identification string and prints
the results. Note that you must change the address if something other than the ESA
default value of 18 is required.

/[*idn.c - programfil enane */

#i ncl ude "visa. h"
#i ncl ude <stdi o. h>

void main ()

{

/*QOpen session to GPIB device at address 18 */

Vi OpenDef aul t RM &def aul t RM) ;

Vi Open(defaul tRM “GPI BO: : 18:: I NSTR', VI _NULL,
VI _NULL, &vi);

I*Initialize device */

viPrintf(vi, “*RST\n");

/*Send an *IDN? string to the device */

printf(vi, “*IDN?\n");

/*Read results */
vi Scanf (vi, "%", &buf);

/*Print results */
printf(“lInstrument identification string: %\n", buf);

/* C ose the sessions */
vi O ose(vi);
vi C ose(defaul t RM ;

Including the VISA Declarations File

For C and C++ programs, you must include the vi sa. h header file at the
beginning of every file that contains VTL function calls:

#i ncl ude “visa. h”

This header file contains the VISA function prototypes and the definitions for all
VISA constants and error codes. The vi sa. h header file includes the
vi sat ype. h header file.
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Thevi sat ype. h header file defines most of the VISA types. The VISA typesare
used throughout VTL to specify data types used in the functions. For example, the
vi QoenDef aul t RMfunction requires a pointer to a parameter of type

Vi Sessi on. If you find Vi Sessi on inthevi sat ype. h header file, you will
find that Vi Sessi on iseventually typed as an unsigned long.

Opening a Session

A session isachannel of communication. Sessions must first be opened on the
default resource manager, and then for each device you will be using. The
following is a summary of sessions that can be opened:

e A resource manager session isused to initializethe VISA system. Itisa
parent session that knows about all the opened sessions. A resource manager
session must be opened before any other session can be opened.

» A device session is used to communicate with adevice on an interface. A
device session must be opened for each device you will be using. When you use
a device session you can communicate without worrying about the type of
interface to which it is connected. Thisinsulation makes applications more
robust and portable across interfaces. Typically adevice is an instrument, but
could be a computer, aplotter, or a printer.

All devices that you will be using need to be connected and in working condition
prior to thefirst VTL function call (vi QpenDef aul t RV). The systemiis
configured only on thefirst vi QpenDef aul t RMper process. Therefore, if

vi QpenDef aul t RMis called without devices connected and then called again
when devices are connected, the devices will not be recognized. You must close
ALL resource manager sessions and re-open with all devices connected and in
working condition.

Device Sessions

There are two parts to opening a communications session with a specific device.
First you must open a session to the default resource manager with the

vi QoenDef aul t RMfunction. Thefirst call to this function initializes the default
resource manager and returns a session to that resource manager session. You only
need to open the default manager session once. However, subsequent calls to

vi QpenDef aul t RMreturns a session to a unique session to the same default
resource manager resource.

Next, you open a session with a specific device with the vi Qpen function. This
function uses the session returned from vi QpenDef aul t RMand returnsits own
session to identify the device session. The following shows the function syntax:

viOpenDefaultRM (sesn);
viOpen (sesn, rsrcName, accessMode, timeout, vi);

The session returned from vi QoenDef aul t RMmust be used in the sesn parameter
of the vi Open function. The vi Qoen function then uses that session and the
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device address specified in the (resource name) parameter to open adevice session.
Thevi parameter in vi Qpen returns asession identifier that can be used with other
VTL functions.

Your program may have several sessions open at the same time by creating
multiple session identifiers by calling the vi Qoen function multiple times.

The following summarizes the parameters in the previous function calls:

sesn Thisisasession returned from the vi OpenDef aul t RM
function that identifies the resource manager session.

rsrcName Thisis a unique symbolic name of the device (device address).
accessMode This parameter isnot used for VTL. Use VI_NULL.
timeout This parameter isnot used for VTL. Use VI_NULL.

vi Thisis apointer to the session identifier for this particular
device session. This pointer will be used to identify this device
session when using other VTL functions.

Thefollowing is an example of opening sessions with a GPIB multimeter and a
GPIB/V X1 scanner:

Vi Sessi on defaultRM dmm scanner;

vi OpenDef aul t RM &def aul t RM ;

vi Open(defaul tRM “GPI BO: : 22:: I NSTR', VI _NULL,
VI _NULL, &dmm);

vi Open(defaul tRM “GPI B-VXI 0::24:: I NSTR’, VI _NULL,
VI _NULL, &scanner);

vi O ose(scanner);
vi Ol ose(dmm);
vi O ose(defaul t RM ;
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The above function first opens a session with the default resource manager. The
session returned from the resource manager and a device address is then used to
open asession with the GPIB device at address 22. That session will now be
identified as dmm when using other VTL functions. The session returned from the
resource manager is then used again with another device address to open a session
with the GPIB/V XI device at primary address 9 and VV X1 logical address 24. That
session will now beidentified as scanner when using other VTL functions. Seethe
following section for information on addressing particular devices.

Addressing a Session

Asseen in the previous section, the rsrcName parameter in the vi Qpen functionis
used to identify a specific device. This parameter is made up of the VTL interface
name and the device address. The interface name is determined when you run the
VTL Configuration Utility. This nameis usually the interface type followed by a
number. Thefollowing tableillustrates the format of the rsrcName for the different
interface types:

Interface Syntax

VXI VX1 [board]::VXI logical addresy[::INSTR]

GPIB/VXI GPIB-VXI [board]::VXI logical address[::INSTR]

GPIB GPIB [board]::primary addresy]::secondary address|[::INSTR]

The following describes the parameters used above:

board This optional parameter is used if you have more than one
interface of the same type. The default value for board is 0.

VXI logical

address Thisisthelogical address of the VXI instrument.

primary

address Thisisthe primary address of the GPIB device.

secondary

address This optional parameter is the secondary address of the GPIB
device. If no secondary addressis specified, none is assumed.

INSTR Thisisan optiona parameter that indicates that you are
communicating with aresource that is of type INSTR, meaning
instrument.

If you want to be compatible with future releases of VTL and VISA, you must
include the INSTR parameter in the syntax.

The following are examples of valid symbolic names:
VXI10::24::INSTR Device at VXI logical address 24 that is of VISA type INSTR.
VX12::128 Device at VXI logical address 128, in the third VXI system
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(VXI2).

GPIB-VXI0::24 A VXI device at logical address 24. This VXI deviceis
connected viaan GPIB/V X| command module.

GPIBO0::7::0 An GPIB device at primary address 7 and secondary address 0
on the GPIB interface.

The following is an example of opening a device session with the GPIB device at
primary address 23.

Vi Sessi on defaul tRM vi ;

vi QpenDef aul t RM &def aul t RM ;
vi Open(defaul tRM “GPI BO: : 23:: I NSTR’, VI _NULL, VI _NULL, &vi);

vi O ose(vi);

vi C ose(defaul t RM ;

Closing a Session

Thevi A ose function must be used to close each session. You can close the
specific device session, which will free all data structures that had been allocated
for the session. If you close the default resource manager session, all sessions
opened using that resource manager will be closed.

Since system resources are al so used when searching for resources (vi Fi ndRsr ¢)
or waiting for events (vi Vi t OnEvent ), thevi A ose function needsto be called
to free up find lists and event contexts.
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Using Marker Peak Search and Peak Excursion

Example:
/************************************************************/
/* Wsing Marker Peak Search and Peak Excursion */
/* */
/* This exanple is for the E44xxB ESA Spectrum Anal yzers */
/* and E740xA EMC Anal yzers. */
/* */
/* This C programmi ng exanpl e does the foll ow ng. */
/* The SCPl instrunent comrands used are given as */
/* reference. */
/* */
/* - Qpens a GPIB session at address 18 */
/* - dears the Anal yzer */
/* *CLS */
/* - Resets the Anal yzer */
/* *RST */
/* - Sets the anal yzer center frequency, span and units */
/* SENS: FREQ CENT freq */
/* SENS: FREQ SPAN freq */
/* UN T: POV DBM */
/* - Set the input port to the 50 Mz anplitude reference */
/* CAL: SOUR STAT ON */
/* - Set the anal yzer to single sweep node */
/* INIT: GONT O */
/* - Pronpt the user for peak excursion and set them */
/* CALC MARK: PEAK: EXC dB */
/* - Set the peak threshold to -90 dBm */
/* TRAC. MATH PEAK: THR STAT ON */
/* TRAC. MATH PEAK: THR - 90 */
/[* - Trigger a sweep and wait for sweep to conplete */
/* INT: 1 MM *WA */
/* - Set the marker to the maxi mum peak */
/* CALC MARK: MAX */
/* - Query and read the nmarker frequency and anplitude */
/* CALC MARK: X? */
/* CALC MARK: Y? */
/* - dose the session */

/************************************************************/

#i ncl ude <stdio. h>
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#i ncl ude <stdlib. h>
#i ncl ude <nat h. h>
#i ncl ude <coni o. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude "vi sa. h"

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#def i nehpEMC | DN_E7401A "Hewl ett - Packard, E7401A"

Vi Sessi on defaul tRM vi ESA
Vi Status err Status;

Vi Char cl dBuf f[ 256] = {0};
char cEnter = 0;

i nt i Result = 0;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNA\n", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50Mt anplitude reference for the nodel s*/
/ *E4401B, E4411B and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency lints >= 3Gz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n");
scanf( "%", &Enter);
/*Externally route the 50M+&z Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}

voi d mai n()

{
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/ *Program Vari abl es*/
Vi Status vi Status

doubl e dMar ker Freq
doubl e dvar ker Arpl
fl oat fPeakExcursion =
long | Qpc = OL;

I
ce e

I
L

/*Qpen a GPIB session at address 18.*/

vi St at us=vi penDef aul t RV &def aul t RV) ;

vi St at us=vi Qpen(def aul t RM "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPl B device at address 18!'\n");
exit(0);

}

/*d ear the instrument*/

vi d ear (vi ESA) ;

/[ *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

/[*Set Y-AXis units to dBm¥/
viPrintf(viESA "UNT. PONDBMnN");

/*Set the analyzer center frequency to 50MHZ*/
vi Printf (vi ESA " SENS: FREQ CENT 50e6\n");

/*Set the anal yzer span to 50MHZ*/
vi Printf (vi ESA " SENS: FREQ SPAN 50e6\ n");

/*D splay the program headi ng */
printf("\n\t\t Marker Program\n\n" );

[* Check for the instrument nodel nunber and route the 50MHz signal accordingly*/
Rout e50MHzSi gnal () ;

/*Set anal yzer to single sweep node*/
viPrintf(viESA"INT.:CONT 0 \n");

/*User enters the peak excursion val ue*/
printf("\t Enter PEAK EXCURSION in dB. ");
scanf ( "%", & PeakExcursi on);

/*Set the peak excursion*/
vi Printf(vi ESA " CALC MARK PEAK: EXC %4f DB \ n", f PeakExcur si on) ;
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/*Set the peak thresold */
vi Printf(vi ESA "CALC. MARK: PEAK: THR -90 \n");

/*Trigger a sweep and wait for conpletion*/
viPrintf(viESA"INT: I M *WAI\n");

/*Set the marker to the maxi mum peak*/
vi Printf(vi ESA "CALC MARK: MAX \ n");

/*Query and read the narker frequency*/
vi Quer yf (vi ESA, "CALC. MARK: X? \n","%f", &Mar ker Freq) ;
printf("\n\t RESULT: Marker Frequency is: %f ML \n\n", dMarker Freq/ 10e5) ;

/*Query and read the narker anplitude*/
vi Quer yf (vi ESA, "CALC. MARK: Y2An", "% f", &lMar ker Anpl ) ;
printf("\t RESULT: Marker Anplitude is: %f dBm\n\n", dvarker Anpl);

/*d ose the session*/
vi d ose(vi ESA) ;
vi d ose(defaul tRV) ;
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Using Marker Delta Mode and Marker Minimum

Search
/********~k~k**~k**~k**~k*****************************************/
/* Using Marker Delta Mbde and Marker M ni num Search */
/* */
/* This exanple is for the E44xxB ESA Spectrum Anal yzers */
/* and E740xA EMC Anal yzers. */
/* */
/* This C programmi ng exanpl e does the foll ow ng. */
/* The SCPI instrunent comrands used are given as */
/* reference. */
/* */
/* - Qpens a GPIB session at address 18 */
/* - dears the Anal yzer */
/* - Resets the Anal yzer */
/* *RST */
/[* - Set the input port to the 50 Mz anplitude reference */
/* CAL: SOUR STAT ON */
/* - Set the anal yzer to single sweep node */
/* INT: QONT O */
/* - Pronpts the user for the start and stop frequencies */
/* - Sets the start and stop frequencies */
/* SENS: FREQ START freq */
/* SENS: FREQ STCP freq */
/* - Trigger a sweep and wait for sweep conpl etion */
/* INT: 1 MM *WA */
/* - Set the marker to the maxi mum peak */
/* CALC. MARK: MAX */
/* - Set the analyzer to activate the delta narker */
/* CALC. MARK: MODE DELT */
/* - Trigger a sweep and wait for sweep conpl etion */
/* INT: 1 MM *WA */
/* - Set the marker to the m ni numanplitude node */
/* CALC MARK: M N */
/* - Query and read the marker anplitude */
/* CALC MARK: Y? */
/* - dose the session */

/************************************************************/

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <nmat h. h>
#i ncl ude <coni o. h>
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#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude "visa. h"

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#defi ne hpEMC | DN_E7401A "Hew ett - Packard, E7401A"

Vi Sessi on defaul t RM vi ESA;
Vi Status errStatus;

Vi Char cldBuf f[256] ={0};
char cEnter = 0;

i nt i Result =0;

/[*Set the input port to the 50ME anplitude reference*/
voi d Rout e50MHzSi gnal ()
{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC_| DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50ME anplitude reference for the nodel s*/
/* E4401B, E4411B and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the analyzers having frequency limts >= 3GHz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n");
scanf ( "%", &Enter);
/*Externally route the 50Mtz Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}

voi d mai n()

{
/*Program Vari abl e*/
Vi Status vi Status = 0;
doubl e dStartFreq =0. 0;
doubl e dStopFreq =0.0;
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doubl e dMar ker Anpl i tude = 0. 0;
long | Qoc =0L;

/* Cpen an GPIB session at address 18*/

vi St at us=vi penDef aul t RM &lef aul t RV) ;

vi St at us=vi Qpen(defaul t RM "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPl B device at address 18!'\n");
exit(0);

}

/*d ear the instrunent*/

vi A ear (vi ESA) ;

/| *Reset the instrunent*/
vi Printf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Marker Delta Program\n\n" );

[*Check for the instrument nmodel nunber and route the 50MHz signal accordingly*/
Rout e50MHzSi gnal () ;

/*Set the anal yzer to single sweep node*/
viPrintf(vi ESA "IN T: CONT 0\n");

[*Pronpt the user for the start frequency*/
printf("\t Enter the Start frequency in M ");

/*The user enters the start frequency*/
scanf ("% f", &dStartFreq);

[*Pronpt the user for the stop frequency*/
printf("\t Enter the Stop frequency in Mz ");

/*The user enters the stop frequency*/
scanf ("% f", &St opFreq);

/*Set the anal yzer to the values given by the user*/

vi Printf(vi ESA "SENS: FREQ STAR % f MHZ \n;: SENS: FREQ STCP %l f
MHZ\ n", dSt art Freq, dSt opFreq) ;

[*Trigger a sweep, wait for conpletion*/
viPrintf(viESA"INT: I M *WAI\n");

/[*Set the marker to the maxi mum peak*/
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vi Printf(vi ESA "CALC MARK MNAX\ n");

/*Set the analyzer to activate delta narker node*/
vi Printf(vi ESA "CALC MARK: MDDE DELT\n");

/*Trigger a sweep, wait for conpletion*/
viPrintf(viESA"INT: I M *WAI\Nn");

/*Set the marker to ninimum anplitude*/
vi Printf(vi ESA "CALC MARK M N\ n");

/*Query and read the marker anplitude*/
vi Quer yf (vi ESA, "CALC. MARK: Y2\ n", "% f", &Nar ker Anpl i t ude) ;

[*print the marker anplitude*/
printf("\n\n\t RESILT: Marker Anplitude Delta =%l f dB\n\n", dvar ker Anpl it ude);

/*d ose the session*/
vi d ose(vi ESA) ;
vi d ose(defaul tRV) ;

Chapter 3 159

Y
o
Q
o
3
3.
>S5
Q
m
>
)
3
=3
®
(2}




Programming Examples
Performing Internal Self-alignment

Performing I nternal Self-alignment

/************************************************************/

/* Performng Internal Self-alignnent */
/* */
/* This exanple is for the E44xxB ESA Spectrum Anal yzers */
/* and E740xA EMC Anal yzers. */
/* */
/* This exanpl e shows two ways of executing an internal */

/* self-alignment. The first denmonstrates using the *CPC?  */
/* query to determ ne when the alignment has conpl eted. The */
/* second denonstrates using the query formof the CAL: ALL */

/* command to not only determ ne when the alignnment has */
/* been conpl eted, but the pass/fail status of the align- */
/* ment process. */
/* */
/* This C programmi ng exanpl e does the foll ow ng. */
/* The SCPl instrunent comrands used are given as */
/* reference. */
/* */
/* - Qpens a GPIB session at address 18 */
/* - dears the Anal yzer */
/* *CLS */
/* - Resets the Anal yzer */
/* *RST */
/* - VISA function sets the time out to infinite */
/* - Initiate self-alignnent */
/* CAL: ALL */
/* - Query for operation conplete */
/* *CPC? */
/* - Query for results of self-alignnent */
/* CAL: ALL? */
/* - Report the results of the sel f-alignnent */
/* - dose the session */

/************************************************************/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <nmat h. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude "visa. h"

#define hpESA | DN E4401B "Hew ett - Packard, E4401B'
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#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#def i nehpEMC | DN E7401A "Hewl ett-Packard, E7401A"

Vi Sessi on defaul tRM vi ESA;
Vi Status errStatus;

Vi Char cl dBuf f[ 256] = {0};
char cEnter = 0;

i nt i Result = 0;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNA\n", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN F4401B)) &&
strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50Mt anplitude reference for the nodel s*/
| *E4401B, E4411B, and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency lints >= 3Gz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n");
scanf ( "%", &Enter);
/*Externally route the 50M+& Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}

voi d mai n()

{
/*Program Vari abl es*/
Vi Status vi Status = 0;
long | Qoc =0L;
long | Result =0L;

/* pen a GPl B session at address 18*/
vi St at us=vi penDef aul t RM &def aul t RV ;
vi St at us=vi pen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;
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i f(viStatus)

{
printf("Could not open a session to GPl B device at address 18!'\n");
exit(0);

}

/*d ear the instrunent*/

vi d ear (vi ESA) ;

/| *Reset the instrunent*/
vi Printf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Internal Self-Aignment Program\n\n" );

[ *Check for the instrument nmodel nunber and route the 50MHz-si gnal accordingly*/
Rout e50MHzSi gnal () ;

/[*WV1 SA function sets the time out to infinite for this specified session*/
vi Set Attribute(vi ESA, VI_ATTR TMD VALUE, VI_TMD INFINI TE);
printf("\t Performng first self alignment ..... "),

[*Initiate a self-alignment */
vi Printf(vi ESA "CAL: ALL\n");

[*Query for operation conplete*/

vi Queryf (vi ESA, "*CPC\n", "%l", & pc);

printf ("\nm\n\t First Self Alignment is Done \n\n");

if (!l Qpc)

{
printf("Program Abort! error ocurred: |ast command was not conpleted!'\n");
exit(0);

}

printf ("\n\n\t Press Return to continue with next alignment \n\n");

scanf ( "%", &Enter);

printf("\t Performng next self alignment ..... "),

/* Query for self-alignment results*/
vi Quer yf (vi ESA, "CAL: ALL?\n", " %", & Resul t);
if (IResult)
printf ("\nm\n\t Self-alignnent Failed \n");
el se
printf ("\n\n\t Self-alignnent Passed \n");

/* Query for operation conplete*/
vi Queryf (vi ESA, "*CPCA\n", "%l", & pc);
if ('1Qpc)
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printf("Program Abort! error ocurred: |ast command was not conpleted!\n");
exit(0);

}

/*d ose the session*/

vi d ose(vi ESA);

vi d ose(defaul tRV) ;
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Reading Trace Data using ASCI I Format (GPIB)

/************************************************************/

/* Reading Trace Data using ASC | Fornat (GPlB) */
/* */
/* This exanple is for the E44xxB ESA Spectrum Anal yzers */
/* and E740xA EMC Anal yzers. */
/* */
/* This C programmi ng exanpl e does the foll ow ng. */
/* The required SCPI instrument commands are given as */
/* reference. */
/* */
/* - Qpens a GPIB session at address 18 */
/* - dears the Anal yzer */
/* - Resets the Anal yzer */
/* *RST */
/[* - Set the input port to the 50 Mz anplitude reference */
/* E4411B or E4401B */
/* CAL: SOUR STAT ON */
/* E4402, E4403B, E4404BE, 4405B, E4407B or E4408B */
/* Pronpt to connect AMPTD REF QUT to | NPUT */
/* CAL: SOUR STAT ON */

/* - Query for the nunber of sweep points (only applies to */
/* firmmare revisions A 04.00 and later); default is 401 */

/* SENS: SVEE: PA N? */
/* - Sets the anal yzer center frequency to 50 Mz */
/* SENS: FREQ CENT 50 M#Z */
/* - Sets the anal yzer span to 50 Mz */
/* SENS: FREQ SPAN 50 MHZ */
/* - Set the anal yzer to single sweep node */
/* INIT: GONT O */
/* - Trigger a sweep and wait for sweep to conplete */
/* INT: | MM *WA */
/* - Specify units in dBm */
/* UN T: POV DBM */
/* - Set the anal yzer trace data to ASC | */
” /* FCRM DATA: ASC */
%_ /* - Trigger a sweep and wait for sweep to conplete */
% /* INT: | MM *WA */
3 /* - Query the trace data */
= /* TRAC. DATA? TRACEL */
= /* - Renmove the "," fromthe ACSI| data */
% /* - Save the trace data to an ASCI| file */
g» /* - dose the session */
o
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/************************************************************I

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <nat h. h>
#i ncl ude <coni o. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude "vi sa. h"

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B"
#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#def i nehpEMC | DN E7401A "Hewl ett-Packard, E7401A"

Vi Sessi on defaul tRM vi ESA;
Vi Status errStatus;

Vi Char cldBuf f[256] ={0};
char cEnter =0;

i nt i Result =0;

/*Set the input port to 50Mtz anplitude reference*/
voi d Rout e50MHzSi gnal ()
{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC_| DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50ME anplitude reference for the nodel s*/
/ *E4401B, E4411B and E7401A¢/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the analyzers having frequency limts >= 3GH, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n"); T
scanf( "%", &Enter); é
Q
/*Externally route the 50Mtz Signal */ g
vi Print f (vi ESA, " CAL: SOUR STAT ON \n"): =
} .
} 5
j=1
3
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voi d mai n()
{
[ *Program Vari abl e*/
Vi Status vi Status = 0;
/*Di nmension cResult to 13 bytes per sweep point, 8192 sweep poi nts maxi nunt/
Vi Char _M _FAR cResul t[106496] = {0};
FI LE *f TraceFi | e;
static Vi Char *cToken ;
int i Num =0;
int i SwpPnts = 401;
| ong | Count =0L;
I ong | Qoc=0;

/*INumset to 13 tines nunber of sweep points, 8192 sweep poi nts maxi nunt/
i Num =106496;
| Count =0;

/* C(pen a @GPl B session at address 18*/

vi St at us=vi penDef aul t RM &def aul t RV) ;

vi St at us=vi Qpen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

}

/* dear the instrument */

vi d ear (vi ESA) ;

/*Reset the instrunent. This will set nunber of sweep points to default of 401*/
vi Printf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Read in Trace Data using ASC| Format (GPIB) Program\n\n" );

[* Check for the instrument nodel nunber and route the 50MHz signal accordingly*/
Rout e50MHzSi gnal () ;

[ *Query nunber of sweep points per trace (firmware revision A 04.00 and |l ater)*/
/*For firmware revisions prior to A 04.00, the nunber of sweep points is 401*/
i SwpPnts = 401;

vi Quer yf (vi ESA, " SENSE: SWEEP: PO NTS?\ n", " %", & SwpPnt s) ;

/*Set the anal yzer center frequency to 50MHz*/
vi Printf(vi ESA " SENS: FREQ CENT 50 MHz\n");

/*Set the anal yzer to 50MHz Span*/
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vi Printf (vi ESA " SENS: FREQ SPAN 50 MHz\n");

/*Set the anal yzer to single sweep nmode */
viPrintf(viESA "INT:CONT 0 \n");

/*Trigger a sweep and wait for sweep to conplete */
viPrintf(viESA"INT: I M *WAI\Nn");

/* Specify units in dBm¥/
vi Printf(vi ESA "UN T: PONDBM \ n");

/*Set anal yzer trace data format to ASCI| Fornat*/
vi Printf (vi ESA "FCRM DATA ASC \n");

/*Trigger a sweep and wait for sweep to conplete */
viPrintf(viESA"INT: I M *WAI\n");

/*Query the Trace Data using ASC| Format */
vi Queryf (vi ESA, "9\ n", "%#t", " TRAC DATA? TRACEL" , & Num, cResult);

/*Rermrove the "," fromthe ASC | trace data for anal yzing data*/
cToken = strtok(cResult,",");
/*Save trace data to an ASCIl to a file, by renoving the "," token*/
f TraceFi | e=fopen(" C. \\tenp\\ ReadAscQoi b. t xt","w");
fprintf(fTraceFile,"ReadAsc@i b. exe Qut put\nAgilent Technol ogi es 2000\ n\n");
fprintf(fTraceFile, "\t Anmplitude of point[%l] =%s dBmn",| Count+1, cToken);
whi | e (cToken !'= NULL)
{
| Count ++;
cToken =strtok(NULL,",");
if (ICount !'=iSwpPnts)
fprintf(fTraceFile,"\tAmplitude of point[%l] =%s

dBm n", | Count +1, cToken) ;

}

fprintf(fTraceFile,"\nThe Total trace data points of the spectrum are :[ %l]

\n\n", | Count);

}

fcl ose(fTraceFile);

/*d ose the session*/
vi d ose(vi ESA);
vi d ose(defaul tRV) ;
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Reading Trace Data Using 32-bit
Real Format (GPIB)

/************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Readi ng Trace Data using 32-bit Real Format (GPIB)

This exanple is for the E44xxB ESA Spectrum Anal yzers
and E740xA EMC Anal yzers.

This C programmi ng exanpl e does the foll ow ng.
The SCPI instrunent commands used are given as
ref erence.

- (pens a GPIB session at address 18
- Uears the Anal yzer
- Resets the Anal yzer
*RST
- Set the input port to the 50 Mz anplitude reference
CAL: SOUR STAT ON
- Query for the nunber of sweep points (for firnware
revisions A .04.00 and later). Default is 401.
SENS: SVE: PO N?
- Calcul ate the nunber of bytes in the header
- Set the anal yzer to single sweep node
INT: QONT O
- Sets the anal yzer center frequency and span to 50 Mz
SENS: FREQ CENT 50 M#Z
SENS: FREQ SPAN 50 MHZ
- Specify 10 dB per division for the anplitude scale in
and dBm Units
DI SP: WND: TRAC: Y: SCAL: PDI V 10 dB
UN T: PON DBM
- Set the anal yzer trace data to 32-bit Real
FORM DATA: REAL, 32
- Set the binary order to swap
FORM BORD SWAP
- Trigger a sweep and wait for sweep to conplete
INT: 1 MM *WAI
- Calcul ate the nunber of bytes in the trace record
- Query the trace data
TRAC. DATA? TRACEL
- Renove the "," fromthe ACSII data
- Save the trace data to an ASClI file
- O ose the session

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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/************************************************************I

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <nat h. h>

#i ncl ude <coni o. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude "vi sa. h"

#define hpESA | DN E4401B "Hewl ett-Packard, E4401B'
#define hpESA | DN E4411B "Hewl ett-Packard, E4411B'
#defi ne hpEMC | DN E7401A "Hewl ett-Packard, E7401A"

Vi Sessi on defaul tRM vi ESA;
Vi Char cl dBuf f [ 256] ;
char cEnter =0;

i nt i Result =0;

voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&

strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50M& internal reference source for the nodel s*/
[ *E4401B, E4411B and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency linmts >= 3G4, pronpt the user to*/
/* connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the INPUT \n");
printf ("...... Press Return to continue \n");
scanf ( "9%", &Enter);
/*Externally route the 50MHz Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
}

voi d mai n()

{
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Programming Examples
Reading Trace Data Using 32-bit Real Format (GPIB)

/*Program Vari abl es*/
Vi Status vi Status= 0;
Vi Char _M _FAR cResul t[5000] = {0};
Vi Real 32 dTraceArray[ 401] = {0};
char cBufferlnfo[6]= {0};
[ ong | Nunber Byt es =0L;

long | Qpc =0L;
unsi gned | ong | Ret Count = OL;
int iSize = 0;

/*BytesPerPoint is 4 for Real32 or Int32 formats, 8 for Real 64, and 2 for U nt16*/
int iBytesPerPnt = 4;

int i SwpPnts = 401;

i nt i Dat aByt es=1604;

i nt i Header Byt es=6;

FI LE *f TraceFi | e;

/* pen a GPl B session at address 18*/

vi St at us=vi penDef aul t RM &def aul t RV ;

vi St at us=vi pen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

}

/*d ear the instrunent */

vi A ear (vi ESA) ;

/*Reset the instrunent. This will set nunber of sweep points to default of 401*/
vi Printf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Read in Trace Data using 32-bit Real Format (using GPIB) \n\n" );

/* Set the input port to the 50ME anplitude reference*/
Rout e50MzSi gnal () ;

/*Query nunber of sweep points per trace (firmware revision A 04.00 and later)*/
/*For firmware revisions prior to A 04.00, the nunber of sweep points is 401*/

i SwpPnt s=401;

vi Quer yf (vi ESA, " SENSE: SWEEP: PA NTS?\ n", " %", & SwpPnt s) ;

/*Cal cul ate nunber of bytes in the header. The header consists of the "#" sign*/
/*followed by a digit representing the nunber of digits to follow The digits */
/*whi ch follow represent the nunber of sweep points multiplied by the nunber */
/*of bytes per point. */

i HeaderBytes = 3; /*iDataBytes >3, plus increment for "#" and "n"*/
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i Dat aBytes = (i SwpPnt s*i Byt esPerPnt);
| Nunber Byt es = i Dat aByt es;
while ((iDataBytes = (iDataBytes / 10 )) > 0)
{
i Header Byt es++;

/*Set anal yzer to single sweep node */
viPrintf(viESA"INT:CONT 0 \n");

/*Set the anal yzer to 50MHz-center frequency */
vi Printf(vi ESA "SENS: FREQ CENT 50 MHZ\ n");

/*Set the anal yzer to 50MHz Span */
vi Printf(vi ESA " SENS: FREQ SPAN 50 MHZ\ n");

/* Specify dB per division of each vertical division and Units */
vi Printf(vi ESA "D SP. WND: TRAC. Y: SCAL: PDI V 10dB\n");
viPrintf(vi ESA "UNT: PONDBMn");

/*Set anal yzer trace data format to 32-bit Real */
vi Printf(vi ESA "FCRM DATA REAL, 32 \n");

/[*Set the binary byte order to SWAP */
vi Printf(vi ESA "FORM BORD SWAP\n");

[*Trigger a sweep and wait for sweep to conpl et e*/
viPrintf(viESA"INT. MM *WAI\N");

/*Cal cul ate size of trace record. This will be sum of HeaderBytes, NunberBytes*/
/*(the actual data bytes) and the "/n" terninator*/
i Size = | Nunber Byt es +i Header Byt es+1;

/*Get trace header data and trace data */
vi Printf(vi ESA " TRAC. DATA? TRACEL\n");
vi Read (vi ESA, (Vi Buf)cResult,i Size, & Ret Count);

/*Extract the trace data*/
mencpy(dTraceArray, cResul t +i Header Byt es, (si ze_t) | Nunber Byt es) ;

/*Save trace data to an ASC | file*/
f TraceFi | e=fopen("C \\tenp\\ ReadTrace32QGoi b. t xt","w");
fprintf(fTraceFile, "ReadTrace32®i b. exe Qut put\nAgil ent Technol ogi es 2000\ n\ n");

fprintf(fTraceFile,"The%d trace data points of the
spectrum\n\n", (I NunberBytes/ 4));

for ( long i=0;i<l NunberBytes/ 4;i ++)
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Programming Examples
Reading Trace Data Using 32-bit Real Format (GPIB)

fprintf(fTraceFile,"\tAnplitude of point[%l] =%.2If
dBmn",i+1, dTraceArray[i]);

fclose(fTraceFile);

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Reading Trace Data Using ASCI I Format (RS-232)

/************************************************************/

/* Reading Trace Data using ASC | Format (RS-232) */

/* */

/[* This exanple is for the E44xxB ESA Spectrum Anal yzers */

/* and E740xA EMC Anal yzers. */

/* */

/* This C programm ng exanpl e does the foll ow ng. */

/* The SCPI instrunent commands used are given as */

/* reference. */

/* */

/[* - Opens an RS-232 session at COML/ QOMR2 */

/[* - Oears the Anal yzer */

/* - Resets the Anal yzer */

/* *RST */

/* - Set the input port to the 50 MHz anplitude reference */

/* CAL: SOUR STAT ON */

[* - Query for the nunber of sweep points (for firmiare */

/* revisions A 04.00 and later). Default is 401. */

/* SENS: SVEE: PO N? */

/* - Set the anal yzer to single sweep node */

/* INT: CONT O */

/* - Sets the anal yzer center frequency and span to 50 M */

/* SENS: FREQ CENT 50 MHZ */

/* SENS: FREQ SPAN 50 MHZ */

[* - Trigger a sweep */

/* INT: 1 MV */

[* - Check for operation conplete */

/* *CPC? */

/[* - Specify dBm Unit */

/* UN T: PON DBM */

/* - Set the anal yzer trace data ASC | */

/* FORM DATA: ASC */

[* - Trigger a sweep */

/* INT: 1 MM */

[* - Check for operation conplete */ -

/* *CPC? */ é

[* - Query the trace data */ =

/* TRAC. DATA? TRACEL */ =

/* - Renmove the "," fromthe ACSI| data */ =1

/* - Save the trace data to an ASO | file */ “r:n

/* - dose the session */ &

/************************************************************I _g
D
(7]
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"
u
u
i
#.
u
i

ncl ude <stdio. h>
ncl ude <stdlib. h>
ncl ude <mat h. h>

ncl ude <coni o. h>
ncl ude <ctype. h>
ncl ude <string. h>
ncl ude "visa. h"

#define hpESA | DN E4401B "Hew ett- Packard, E4401B'
#define hpESA |IDN E4411B "Hew ett- Packard, E4411B'
#define hpEMC | DN E7401A "Hew ett- Packard, E7401A"

Vi Session defaul t RM vi ESA
Vi Status errStatus;

Vi Char cl dBuf f[ 256] ={0};
char cEnter ={0};

i nt i Result =0;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNA\n", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN F4401B)) &&
strncnp( cldBuff, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50M& anplitude reference for the nodel s*/
/*E4411B and E4401B*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency linits >= 3G4, pronpt the user to/*
/* connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the INPUT \n");
printf ("...... Press Return to continue \n");
® scanf( "9%", &Enter);
o
% /*Externally route the 50Miz Signal */
o vi Printf(vi ESA "CAL: SOUR STAT ON \n");
g }
% }
3 voi d mai n()
o
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{

[ *Program Vari abl ex/
Vi Status vi Status = 0;
/*D mension cResult to 13 bytes per sweep point, 8192 sweep poi nts maxi munf/
Vi Char M _FAR cResul t[ 106496] = {0};
FI LE *f TraceFi | e;
static Vi Char *cToken;
int iNum =0;
int iSwPnts = 401,
I ong | Count =0L;
I ong | Qpc=0L;

/*INumset to 13 tines nunber of sweep points, 8192 sweep poi nts maxi nunt/
i Num =106496;
| Count =0;

/* Cpen a serial session at COML */

vi St at us=vi penDef aul t RV &lef aul t RV) ;

if (viStatus =vi pen(defaul tRM"ASRL1L: : I NSTR', VI NULL, VI NULL, &i ESA) !=

Ml _SUCCESS)

{
printf("Could not open a session to ASRL device at COMLI\n");
exit(0);

}

/[* dear the instrument */

vi d ear (vi ESA) ;

/*Reset the instrunent. This will set nunber of sweep points to default of 401*/
viPrintf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\tRead in Trace Data using ASCI| Format (RS232) Program\n\n" );

[* Check for the instrument nodel nunber and route the 50MHz signal accordingly*/
Rout e50MHzSi gnal () ;

[ *Query nunber of sweep points per trace (firmware revision A 04.00 and later)*/
[*For firmware revisions prior to A 04.00, the nunber of sweep points is 401 */
i SwpPnts = 401;

vi Quer yf (vi ESA, " SENSE: SWEEP: PO NTS?\ n", " %", & SwpPnt s) ;

/*Set the anal yzer center frequency to 50MLz */
vi Printf(vi ESA "SENS: FREQ CENT 50 MHz\n");

/*Set the anal yzer to 50MH Span*/
vi Printf(vi ESA " SENS: FREQ SPAN 50 MHz\n");
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Programming Examples
Reading Trace Data Using ASCII Format (RS-232)

/*set the anal yzer to single sweep node*/
viPrintf(viESA "INT:CONT 0 \n");

/*Trigger a spectrum neasurenent*/
viPrintf(viESA"INT:IMM\n");

/*Read the operation conpl ete query*/

vi Queryf (vi ESA, "*COPCAAn", "%l", & pc);

if (!1Qpc)

{
printf("Program Abort! error ocurred: |ast command was not conpl eted!'\n");
exit(0);

}

/*Specify units in dBnt/

viPrintf(vi ESA "UNT:. PONDBM\n");

/*Set anal yzer trace data format to ASCI| Fornat*/
vi Printf(vi ESA "FCORM DATA ASC \n");

/*Trigger a spectrum neasurement*/
ViPrintf(viESA"INT:IMM\n");

/*Read the operation conpl ete query */

vi Queryf (vi ESA, "*COPCAn", "%l", & pc);

if (!'lQpc)

{
printf("Program Abort! error ocurred: |ast command was not conpleted!'\n");
exit(0);

}

/*Query the Trace Data using ASC| Format */

vi Queryf (vi ESA "%\ n", "%t"," TRAC DATA? TRACEL" , & Num, cResult);

/*Rermove the "," fromthe ASA | trace data for anal yzi ng data*/
cToken = strtok(cResult,",");

if (1Count !'= iSapPnts)
fprintf(fTraceFile, "\tAmlitude of point[%l] =%s

/*Save trace data to an ASC | to a file, by renoving the "," token*/
fTraceFi | e=fopen(" C. \\tenp\\ ReadAscRS232. t xt","w");
ﬁ fprintf(fTraceFile, "ReadAscRS232. exe Qut put\nHew ett-Packard 1999\ n\n");
g' fprintf(fTraceFile, "\tAnplitude of point[%l] =%s dBmn", | Count+1, cToken);
L%’ whil e (cToken !'= NULL)
o {
= | Count ++;
% cToken =strtok(NULL,",");
>
o
o
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dBm n", | Count +1, cToken) ;
}

fprintf(fTraceFile,"\nThe Total trace data points of the spectrum are :[ %]
\n\n", | Count);

fcl ose(fTraceFile);

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul t RV ;

}
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Programming Examples
Reading Trace Data Using 32-bit Real Format (RS-232)

Reading Trace Data Using 32-bit Real Format (RS-232)

/************************************************************/

Readi ng Trace Data using 32-bit Real Format (RS-232)

This exanple is for the E44xxB ESA Spectrum Anal yzers
and E740xA EMC Anal yzers.

This C programmi ng exanpl e does the foll ow ng.
The SCPI instrunent comrands used are given as
ref erence.

- pens an RS-232 session at COML/ QOWR
- Uears the Anal yzer
- Resets the Anal yzer
*RST
- Set the input port to the 50 Mz anplitude reference
CAL: SOUR STAT ON
- Query for the nunber of sweep points (for firnware
revision A 04.00 and later). Default is 401.
SENS: SVE: PO N?
- Calcul ate the nunber of bytes in the header
- Set the anal yzer to single sweep node
INT: QONT O
- Sets the anal yzer center frequency and span to 50 Mz
SENS: FREQ CENT 50 M#Z
SENS: FREQ SPAN 50 MHZ
- Specify 10 dB per division for the anplitude scale in
and dBm Units
DI SP: WND: TRAC: Y: SCAL: PDI V 10 dB
UN T: PON DBM
- Set the anal yzer trace data to 32-bit Real
FORM DATA: REAL, 32
- Set the binary order to swap
FORM BORD SWAP
- Trigger a sweep
INT: I MM
- Check for operation conplete
*CPC?
- Calcul ate the nunber of bytes in the trace record
- Set VISA timeout to 60 seconds, to allow for slower
transfer tinmes caused by higher nunber of sweep points
at | ow baud rates.
- Set VISAto termnate read after buffer is enpty

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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/* - Query the trace data */
/* TRAC. DATA? TRACEL */
/* - Reset VISAtimeout to 3 seconds */
/* - Renove the "," fromthe ACSI| data */
/* - Save the trace data to an ASClI file */
/* - dose the session */

/************************************************************I

y
i
i
#.
i
i
#.

ncl ude <stdi o. h>
ncl ude <stdlib. h>
ncl ude <mat h. h>

ncl ude <coni o. h>
ncl ude <ctype. h>
ncl ude <string. h>
ncl ude "visa. h"

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#def i nehpEMC | DN E7401A "Hewl ett-Packard, E7401A"

Vi Sessi on defaul tRM vi ESA
Vi Status errStatus;

Vi Char cl dBuf f[ 256] = {0};
char cEnter = 0;

i nt i Result = 0;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()
{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);
i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&

strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50M& anplitude reference for the nodel s*/
/*E4411B and E4401B*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");

}

el se

{

/* For the anal yzers having frequency linmts >= 3G4, pronpt the user to*/
/* connect the anplitude reference output to the input*/

printf ("Connect AMPTD REF QUT to the INPUT \n");

printf ("...... Press Return to continue \n");
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scanf ( "%", &Enter);

/*Externally route the 50Mtz Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");

voi d mai n()
{
/*Program Vari abl es*/
Vi Status vi Status= 0;
Vi Char _M _FAR cResul t[ 1024000] = {0};
Vi Real 32 dTraceArray[ 1024] = {0};
char cBufferlnfo[7]= {0};
[ ong | Nunber Byt es =0L;
long | Qoc =O0L;
unsi gned | ong | Ret Count = OL;
int iSize = 0;
/*BytesPerPnt is 4 for Real 32 or Int32 fornmats, 8 for Real 64, and 2 for U nt16*/
int iBytesPerPnt = 4;
int i SwpPnts = 401; /*Nunber of points per sweep*/
int iDataBytes = 1604;/*Nunber of data points, assumng 4 bytes per point*/
int i HeaderBytes = 6; /*Nunber of bytes in the header, assum ng 1604 data bytes*/
FI LE *f TraceFi | e;

/* pen a serial session at COML */

vi St at us=vi penDef aul t RM &def aul t RV ;

if (viStatus =vi Qpen(defaul tRM "ASRL1L: : I NSTR', VI _NULL, VI _NULL, &i ESA) ! =

VI _SUCCESS)

{
printf("Could not open a session to ASRL device at CGOML!I\n");
exit(0);

}

/*d ear the instrument */

vi d ear (vi ESA);

/*Reset the instrunent. This will set nunber of sweep points to default of 401*/
vi Printf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Read in Trace Data using ASO | Format (using RS-232) Program\n\n"
);

/* Set the input port to the internal 50MHz reference source */
Rout e50MHzSi gnal () ;
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[*Query nunber of sweep points per trace (firmware revision A 04.00 or later)*/
[*For firnmnare revisions prior to A 04.00, the nunber of sweep points is 401 */
i SwpPnts = 401;

vi Quer yf (vi ESA, " SENSE: SWEEP: PO NTS?\ n", " %", & SwpPnt s) ;

/*Cal cul ate nunber of bytes in the header. The header consists of the "#" sign*/
/*followed by a digit representing the nunber of digits to follow The digits */
/*whi ch follow represent the nunber of sweep points multiplied by the nunber */
/*of bytes per point. */
i Header Bytes = 3; /*i Dat aBytes >0, plus increment for "#"' and "n" */
i Dat aBytes = (i SwpPnt s*i Byt esPerPnt);

| Nunber Byt es = i Dat aByt es;
while ((iDataBytes = (iDataBytes / 10 )) > 0)
{

i Header Byt es++;

/*Set anal yzer to single sweep node */
viPrintf(viESA"INT:CONT 0 \n");

/[* Set the anal yzer to 50MHz-center frequency */
vi Printf(vi ESA "SENS: FREQ CENT 50 MHZ\n");

/*Set the anal yzer to 50M+& Span */
vi Printf(vi ESA " SENS: FREQ SPAN 50 MHZ\n");

/* Specify dB per division of each vertical division & Units */
vi Printf(vi ESA "D SP. WND: TRAC. Y: SCAL: PDI V 10dB\ n");
viPrintf(vi ESA "UNT: PONDBM n");

/*Set anal yzer trace data format to 32-bit Real */
vi Printf(vi ESA "FCRM DATA REAL, 32\n");

/*Set the binary byte order to SWAP */
vi Printf(vi ESA "FORM BORD SWAP\n");

[*Trigger a sweep */
ViPrintf(viESA"INT:IMNn");

printf("Program Abort! error ocurred: |ast command was not conpleted!'\n");
exit(0);

T
o
/*Read the operation conpl ete query */ ﬁ
vi Queryf (vi ESA, "*COPCA\n", "%l", & pc); 3
; 3
if (!'1Qpc) 5
{ «Q
m
X
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/*Cal cul ate size of trace record. This will be the sumof HeaderBytes, Nunber*/
/*Bytes (the actual data bytes) and the "\n" termnator*/
i Size = | NunberBytes + iHeaderBytes + 1;

/*Increase tinmeout to 60 sec*/
vi Set Attribut e(vi ESA VI _ATTR TMD VALUE, 60000) ;

/*Set RS-232 interface to termnate when the buffer is enpty*/
vi Set Attribute(vi ESAVI_ATTR ASRL_ END IN VI _ASRL_END NONE) ;

/*Cet trace header data and trace data*/
vi Printf(vi ESA "TRAC DATA? TRACE1L\n");
vi Read (vi ESA, (Vi Buf)cResult,i Size, & Ret Count);

/*Reset tineout to 3 sec*/
vi Set Attribute(vi ESA VI _ATTR_TMD VALUE, 3000) ;

/*Extract the trace data*/
nentpy(dTraceArray, cResul t +i Header Byt es, (si ze_t) | Nunber Byt es) ;

/*Save trace data to an ASA | file*/
f TraceFi | e=fopen("C. \\tenp\\ ReadTr ace32Rs232. t xt", "w");
fprintf(fTraceFile,"ReadTrace32Rs232. exe Qut put\ nHewl ett-Packard 1999\ n\n");

fprintf(fTraceFile, "The%d trace data points of the
spectrum\n\n", (I Nunber Bytes/ 4));

for ( long i=0;i<l Nunber Byt es/i Byt esPer Pnt ;i ++)

fprintf(fTraceFile, "\tAnplitude of point[%l] =%.2|f
dBmn",i+1, dTraceArray[i]);

fclose(fTraceFile);

/*d ose the session*/
vi A ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Using Limit Lines

/************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Using Limt Lines

This exanple is for the E44xxB ESA Spectrum Anal yzers
and E740xA EMC Anal yzers.

This C programm ng exanpl e does the foll ow ng.
The SCPI instrunent commands used are given as
r ef erence.

- pen a GPIB session at address 18.
- Oear the anal yzer.
*CLR
- Reset the anal yzer.
*RST
- Set Y-Axis Units to dBm
UN T: PO DBM
- Define the upper limt line to have frequency/
anpl i tude pairs.
CALC: LLI NE1: OONT: DOM FREQ
CALC: LLI NE1: TYPE UPP
CALC. LLI NE1: D SP ON
CALC: LLI NE1: DATA freql, anpl, 1, freq2, anp2, 1. ..

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

- Define the lower limt line to have frequency/anplitude*/

pairs.
CALC: LLI NE2: OONT: DOM FREQ
CALC. LLI NE2: TYPE LOW
CALC. LLI NE2: DI SP ON
CALC: LLI NE2: DATA freql, anpl, 1, freq2, anp2, 1. ..
- Turn the limt line test function on.
CALC: LLI NE2: STAT ON
- Set the anal yzer to a center frequency of 50 Miz, span
to 20 Mz, and resol ution bandwidth to 1 M.
SENS: FREQ SPAN 20 MHz
SENS: FREQ CENT 50 M
SENS: BWD RES 1 MZ
- Turn the limt line test function on.
- Set the anal yzer reference level to 0 dBm
Dl SP: WND: TRAC: Y: SCAL: RLEV 0
- Set the input port to the 50 MHz anplitude reference.
CAL: SOUR STAT ON

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

Chapter 3

183

Y
o
Q
o
3
3.
>S5
Q
m
>
)
3
=3
®
(2}




()
9
o
S
@
=
L
o
£
(S
S
o
o
°
o

Programming Examples
Using Limit Lines

/* - Check to see if linit line passes or fails. It should */
/* pass. */
/* CALC. LLI NE: FAI L? */
/* - Pause for 5 seconds. */
/* - Deactivate the 50 MHz al i gnnent signal. */
/* CAL: SOUR STAT CFF */
/[* - The linmt line test should fail. */
/* - dose the session. */

/************************************************************/

"
-
i
i
-
i

ncl ude <stdio. h>

ncl ude <stdlib. h>

ncl ude <nath. h>

ncl ude <coni o. h>

ncl ude <ctype. h>

ncl ude <string. h>

#i ncl ude <w ndows. h>

#i ncl ude "vi sa. h"

#define YIELD Sl eep(5000)

#define hpESA | DN E4401B "Hew ett- Packard, E4401B'
#define hpESA |IDN E4411B "Hew ett- Packard, E4411B'
#define hpEMC | DN E7401A "Hewl ett - Packard, E7401A"

Vi Session defaul t RM vi ESA
Mi Status errStatus;

Vi Char cl dBuf f [ 256] = {0} ;
char cEnter = 0;

i nt i Result = 0;

long ILimtTest =0L;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{
vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cldBuff, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,

hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));
if( iResult ==0)

{
/*Set the input port to the 50M& anplitude reference for the nodel s*/
[ *E4401B, E4411B, and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");

}

el se

{
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/* For the analyzers having frequency limts >= 3GHz, pronpt the user*/
/* to connect the anplitude reference output to the input*/

printf ("Connect AMPTD REF QUT to the I NPUT \n");

printf ("...... Press Return to continue \n");

scanf( "%", &Enter);

/*Externally route the 50Mtz Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");

void printResult()

{

vi Queryf (vi ESA, "CALC CLIMFA LA n", "%d", & LintTest);
if (1L mtTest!=0)

{
printf ("\n\t..Limt Line Failed..... \n");
vi Queryf (vi ESA, "CALC LLI NE1: FAI LA n", "%d", & LimtTest);
if (ILimtTest==0)
printf ("\n\t...... Limt Linel Passed \n");
else printf ("\n\t...... Limt Linel Failed \n");
vi Queryf (vi ESA, "CALC LLI NE2: FAI L?An", "%d", & LimtTest);
i f (ILimtTest==0)
printf ("\n\t...... Limt Line2 Passed \n");
else printf ("\n\t...... Limt Line2 Failed \n");
}
el se
printf ("\n\t..Limt Test Pass\n");

}

voi d mai n()

{
/*Program Vari abl e*/
Vi Status vi Status = 0;
long | Qoc =0L;

printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

/* (pen a (Pl B session at address 18*/ ;—9
vi St at us=vi penDef aul t RM &def aul t RV ; %
vi St at us=vi pen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ; 3
i f (vi Status) el
{ (o]
m
X
Q
3
j=1
D
(7]
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/*d ear the instrument*/
vi d ear (vi ESA) ;

/| *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

[* Check for the instrument nodel nunber and route the 50MHz signal accordingly*/
/ *Rout e50MHzSi gnal () ;

/*D splay the program headi ng */
printf("\n\t\t Limt Lines Program\n\n" );

[*Set the Y-Axis Units to dBm*/
viPrintf(viESA "UNT. PONDBMnN");

/*Set to Frequency Domai n Mode*/
vi Printf(vi ESA "CALC LLI NE1: CONT: DOM FREQ n") ;

/*Delete any current limt line and define the upper limt line
to have the foll owi ng frequency/anplitude pairs*/
vi Printf(viESA "CALC LLI NEL: TYPE UPP\N");

[* Turn on displ ay*/
vi Printf(viESA "CALC LLINEL: DISP O\\n");

/*Send the upper linmt |ine data*/

vi Printf(vi ESA "CALC LLI NE1: DATA 40EO6, - 50, 1, 45E06, - 20, 1, 50EO06, - 15, 1,
55EO06, - 20, 1, 60EO06, - 50, 1\ n");

[* Turn on displ ay*/
vi Printf(viESA "CALC LLINEL: DISP O\ n");

/*Delete any current limt line and define the lower limt line
to have the foll owi ng frequency/anplitude pairs*/
vi Printf(vi ESA "CALC LLI NE2: TYPE LONN");

/*Send the lower imt |ine data*/

vi Printf(vi ESA "CALC LLI NE2: DATA
40E06, - 100, 1, 49. 99E06, - 100, 1, 50E06, - 30, 1, 50. 01E06, - 100, 1, 60E06, - 100, 1\ n");

[* Turn on displ ay*/
vi Printf(viESA "CALC LLINE2: DISP O\ n");

[*Turn the limt line test function on.*/
vi Printf(vi ESA "CALC LLI NE2: STAT O\ n");
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/*Set the anal yzer to a center frequency of 50 MHz, span to 20 Mz,
and resol ution bandwidth to 1 M. */
vi Printf(vi ESA " SENS: FREQ CENT 50e6\n");
vi Printf(vi ESA " SENS: FREQ SPAN 20e6\ n");
vi Printf(vi ESA "SENS: BWD RES 1e6\n");

/*Set the anal yzer reference level to O dBn¥/
vi Printf(vi ESA "Dl SP. WND: TRAC: Y: SCAL: RLEV 0 \ n");

/* Check for the instrument nmodel nunber and route the 50MHz-si gnal accordingly*/
Rout e50MHzSi gnal () ;

/*Trigger a spectrum neasurenent*/
ViPrintf (ViESA"INT:IMM\n");
/*Check for operation conplete */

vi Queryf (vi ESA, "*COPCAn", "%l", & pc);

if ('l Qpc)

{
printf("Program Abort! error ocurred: |ast command was not conpl eted!\n");
exit(0);

}

/*Check to see if linit line passes or fails. It should pass.*/

printf ("\n\t Limt Line status after activating the 50M& signal \n");

[*Print the limts line result*/
printResult();

/*Pause for 5 seconds*/
Yl ELD,

/*Deactivate the 50 Mz al i gnnment signal.*/
vi Printf(vi ESA "CAL: SOUR STAT GFR\n");

/*Trigger a spectrum neasuremnent*/
viPrintf(viESA"INT:IMM\n");

/*Check for operation conplete */

vi Queryf (vi ESA, "*CPCAAn", "%l", & pc);

if ('l Qpc)

{
printf("Program Abort! error ocurred: |last command was not conpl eted!\n");
exit(0);

}

/* The limt line test should fail.*/

printf ("\n\t Limt Line status after de-activating the 50Miz signal \n");

Chapter 3 187

Y
o
Q
o
3
3.
>S5
Q
m
>
)
3
=3
®
(2}




()
9
o
S
@
=
L
o
£
(S
S
o
o
°
o

Programming Examples
Using Limit Lines

[*Print the limts line result*/
printResult();

/*d ose the session*/
vi A ose(vi ESA) ;
vi d ose(defaul t RV ;
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Measuring Noise

/************************************************************/

/* Measuring Noi se */
/* */
/[* This exanple is for the E44xxB ESA Spectrum Anal yzers */
/* and E740xA EMC Anal yzers. */
/* */
/* This C programm ng exanpl e does the foll ow ng. */
/* The SCPI instrunent commands used are given as */
/* reference. */
/* */
/* - Qpens a GPIB session at address 18 */
/[* - Oears the Anal yzer */
/* - Resets the Anal yzer */
/* *RST */
/* - Sets the center frequency and span */
/* SENS: FREQ CENT 50 MHZ */
/* SENS: FREQ SPAN 10 MHZ */
/* - Set the input port to the 50 MHz anplitude reference */
/* CAL: SOUR STAT ON */
/* - Set the anal yzer to single sweep node */
/* INT: CONT O */
/[* - Trigger a sweep and wait for sweep conpl etion */
/* INT: | MM *WA */
[* - Set the marker to the maxi mum peak */
/* CALC MARK: MAX */
/[* - Set the anal yzer to active delta narker */
/* CALC MARK: MCDE DELT */
/* - Set the delta marker to 2 MIZ */
/* CALC MARK: X 2E+6 */
/* - Activate the noise marker function */
/* CALC MARK: FUNC NO S */
[* - Trigger a sweep and wait for sweep conpl etion */
/* INT: | MM *WAI */
[* - Query the narker delta anplitude fromthe anal yzer */
/* CALC MARK: Y? */
/* - Report the narker delta anplitude as the carrier to */
/* noi se ratio in dBc/ Hz */
/* - dose the session */

/************************************************************I

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
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#i ncl ude <mat h. h>
#i ncl ude <coni o. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude "visa. h"

#define hpESA | DN E4401B "Hew ett - Packard, E4401B'
#define hpESA | DN E4411B "Hew ett-Packard, E4411B'
#defi nehpEMC | DN_E7401A "Hewl ett - Packard, E7401A"

Vi Session defaul t RM vi ESA
Vi Status errStatus;

Vi Char cl dBuf f[ 256] = {0};
char cEnter = 0;

i nt i Result = 0;

| ong | Qoc =0L;

/*Set the input port to 50MH anplitude reference*/
voi d Rout e50MHSi gnal ()

{

vi Queryf (vi ESA, "*IDNAn", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cldBuff, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50M& anplitude reference for the nodel s*/
[ *E4401B, E4411B amd E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency lints >= 3Gz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the INPUT \n");
printf ("...... Press Return to continue \n");
scanf ( "9%", &Enter);
/*Externally route the 50MHz Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
}

voi d mai n()

{
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/ *Program Vari abl es*/
Vi Status vi Status = 0;
doubl e divar kAnp =0. 0;

I ong | Qpc=0L;

/*Cpen a GPIB session at address 18*/

vi St at us=vi penDef aul t RV &def aul t RV) ;

vi St at us=vi Qpen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPIB device at address 18!\n");
exit(0);

}

/*d ear the |nstrument*/

vi d ear (vi ESA) ;

/[ *Reset the |nstrunent*/
viPrintf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Noise Program\n\n" );

[* Check for the instrunment nodel nunber and route the 50MHz signal accordingly*/
Rout e50MHzSi gnal () ;

/*Set the anal yzer center frequency to 50MHz*/
vi Printf (vi ESA " SENS: FREQ CENT 50e6\n");

/*Set the anal yzer span to 10MHiz*/
vi Printf (vi ESA " SENS: FREQ SPAN 10e6\n");

/*Set the anal yzer in a single sweep node*/
viPrintf(viESA"INT:CONT 0 \n");

[*Trigger a sweep and wait for sweep conpl eti on*/
viPrintf(viESA"INT:IMM*WAI \n");

/*Set the marker to the maxi mum peak*/
vi Printf(vi ESA "CALC MARK MAX \ n");

[ *Check for operation conplete*/

vi Queryf (vi ESA, "*CPCA\n", "%l", & pc);

if (!l Qpc)

{
printf("Program Abort! error ocurred: |last conmand was not conpl eted!\n");
exit(0);
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/*Set the anal yzer in a single sweep node*/
viPrintf(viESA "INT:CONT 0 \n");

[*Trigger a spectrum neasurement*/
viPrintf(viESA"INT:IMM\n");

/*Set the anal yzer in active delta marker node*/
vi Printf(vi ESA "CALC MARK: MODE DELT \n");

/*Set the marker delta frequency to 2 Mz. This places the
active marker two divisions to the right of the input signal.*/
vi Printf(vi ESA "CALC MARK: X 2E+6 \n");

/*Activate the noi se marker function.*/
vi Printf(vi ESA "CALC MARK FUNC NS \n");

/*Trigger a sweep and wait for sweep conpl eti on*/
viPrintf(viESA"INT. I MM *WAl \n");

/*Query and read the narker delta anplitude fromthe anal yzer*/
vi Quer yf (vi ESA, "CALC. MARK: Y? \n", "% f", &Mar KAnp) ;

/*Report the marker delta anplitude as the carrier-to-noise ratio in dBc/ Hz*/
printf("\t Marker Anplitude =%l f dBc/Hz\n", dvar kAnp) ;

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Entering Amplitude Correction Data

/************************************************************/

/* Entering Anplitude Correction Data */
/* */
/[* This exanple is for the E44xxB ESA Spectrum Anal yzers */
/* and E740xA EMC Anal yzers. */
/* */
/* This C programm ng exanpl e does the foll ow ng. */
/* The SCPI instrunent commands used are given as */
/* reference. */
/* */
/* - Qpens a GPIB session at address 18 */
/[* - Oears the Anal yzer */
/* - Resets the Anal yzer */
/* *RST */
/[* - Sets the stop frequency to 1.5 G& */
/* SENS: FREQ STCP 1.5 GHZ */
/* - Set the input port to the 50 Mz anplitude reference */
/* CAL: SOUR STAT ON */

/* - Enter anplitude correction frequency/anplitude pairs: */
/* 0 Hz/ 0 dB, 100 MH/5 dB, 1 GHz/-5 dB, 1.5 G/ 10 dB */

/* SENS: CORR CSET1: DATA 0, 0, 100ES, 5. 0, 1. OE9, -5.0, . .. */
/* - Activate anplitude correction */
/* SENS: CORR CSET1: DATA */
/* SENS: CORR CSET1: ALL: STAT ON */
/* - Query the anal yzer for the anplitude corection factors */
/* SENS: CORR CSET1: DATA? */
[* - Store themin an array */
/* - Display the array */
/* - dose the session */

/************************************************************I

"
i
i’
i
i
i
i

ncl ude <stdi o. h>
ncl ude <stdlib. h>
ncl ude <mat h. h>

ncl ude <coni o. h>
ncl ude <ctype. h>
ncl ude <string. h>
ncl ude "visa. h"

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define hpESA | DN E4411B "Hew ett-Packard, E4411B'
#defi ne hpEMC | DN_E7401A "Hew ett - Packard, E7401A"
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Vi Session defaul t RM vi ESA
Vi Status errStatus;

Vi Char cl dBuf f [ 256] = {0} ;
char cEnter = 0;

i nt i Result = 0;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);

i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cldBuff, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC_ | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50ME anplitude reference for the nodel s*/
[ *E4401B, E4411B, and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency linits >= 3G+, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the INPUT \n");
printf ("...... Press Return to continue \n");
scanf ( "9%", &Enter);
/*Externally route the 50M+z Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
}

voi d mai n()
{
/*Program Vari abl es*/
Vi Char M _FAR cResul t[ 1024] ={0};
Vi Real 64 VI _FAR aReal Array[ 2] [ 100] ={0};
Vi Status vi Status = 0;
int i Num =0;
int iNoCfPoints =0;
long | Count = O;
I ong | Freq=0L;
long | Anpl t d=1;
static Vi Char *cToken;
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/*No of anplitude corrections points */
i NoCf Poi nts = 4;

/* Open a GPI B session at address 18*/

vi St at us=vi penDef aul t RV &def aul t RV) ;

vi St at us=vi Qpen(def aul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

}

/*d ear the instrument*/

vi A ear (vi ESA) ;

/[ *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Anplitude Correction Program\n\n" );

/*Set the stop frequency to 1.5 Gz */
vi Printf(vi ESA "SENS: FREQ STCP 1.5 GHz\ n");

[* Check for the instrument nodel nunber and route the 50MHz signal accordingly*/
Rout e50MHzSi gnal () ;

/* Purge any currently-loaded anplitude correction factors*/
vi Printf(vi ESA "SENS: OCORR CSET1: DEL \n");

/* Enter anp cor frequency/anplitude pairs:

0 Hz, 0 dB, 100 Mz, 5 dB, 1 GH, -5 dB, 1.5GH, 10*/
vi Printf(vi ESA " SENS: CORR CSET1: DATA ") ;
viPrintf(viESA "0, 0.0,");
vi Printf(vi ESA "100.E6, 5.0,");
viPrintf(viESA "1.E9, -5.0,");
vi Printf(vi ESA "1.5E9, 10 \n");

/* Activate anplitude correction. Notice that the noise floor slopes
up from0O Hz to 100 Mz, then downward by 10 dB to 1 GHz, then upwards
again by 15 dBto 1.5 Giz. */

vi Printf(vi ESA "SENS: OCORR CSET1: STATE ON \n");

vi Printf(vi ESA "SENS: OCORR CSET: ALL: STAT ON \n");

[*Query the anal yzer for its anplitude correction factors */
vi Quer yf (vi ESA " SENS: OORR CSET1: DATA?" |, "9" , &cResult);
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/*Rermove the "," fromthe anplitude correction for anal yzi ng data*/
cToken = strtok(cResult,",");

/*Store the array (frequency) value into a two-dinensional real array*/
aReal Array[| Freq=0] [ | Count =0] = atof ( cToken);

/*Rermove the "," fromthe anplitude correction for anal yzi ng data*/
cToken =strtok(NULL,",");

/*Store the array(anplitude) value into a two-di nensional real array*/
aReal Array[| Anpl td=1] [ | Count] = at of (cToken);
whil e (cToken != NULL)

{
| Count ++;
if (1 Count == i NoCf Poi nts)
{
| Count --;
br eak;
}
/*Rermrove the "," fromthe anplitude correction for anal yzi ng data*/
cToken =strtok(NULL,",");
/*Store the array (frequency) value into a two-dinmensional real array*/
aReal Array[| Freq] [l Count] = atof (cToken);
cToken =strtok(NULL,",");
/*Store the array (anplitude) value into a two-dinensional real array*/
aReal Array[| Anpl td] [| Count] = at of (cToken);
}

/*Dsplay the contents of the array.*/

for (long i=0;i<=l Count;i++)

{
printf("\tFrequency of point[%l] =%f MA\n",i,aReal Array[l Freq][i]/1e6);
printf("\tAmplitude of point[%l] =%f dB\n",i,aReal Array[| Anpltd][i]);

}

/*d ose the session*/

vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Status Register—Deter mine When a Measurement is
Done

/************************************************************/

/* Status Register - Determ ne when a neasurenent is done */

/* */

/[* This exanple is for the E44xxB ESA Spectrum Anal yzers */

/* and E740xA EMC Anal yzers. */

/* */

/* This C programm ng exanpl e does the foll ow ng. */

/* The SCPI instrunent comrands used are given as */

/* reference. */

/* */

/* - Qpens a GPIB session at address 18 */

/* - Resets the Anal yzer */

/* *RST */

/* - Oears the anal yzer status byte */

/* *CLS */

/* - Sets the anal yzer to single sweep node */

/* INT: CONT O */

/* - Route the anplitude reference to the anal yzer input */

/* CAL: SOUR STAT ON */

/* - Set the anal yzer center frequency, span and Res BW */

/* SENS: FREQ CENT 50 MHz */

/* SENS: FREQ SPAN 10 MHz */

/* SENS: BAND: RES 300 kHz */

/[* - Trigger a sweep and wait for conpletion of sweep */

/* INT: 1 MV */

/* *CPC? */

/* - Sets the service request mask to assert SRQ when */

/* either a measurenent is uncalibrated or an error */

/* nessage has occurred. */

/* *SRE 96 */

/* *ESE 35 */

/* - Set the conputer to response to an interrupt */

/* - Send an undefined comrand to the ESA */

/* IDN (illegal comrand) */ T

/* - Wit for the SRQ %/ 8

/[* - Wien an interrupt occurs, poll all instruments */ g

/* - Report the nature of the interrupt on the ESA anal yzer */ 3

/* - Pause 5 seconds to observe the anal yzer */ g

/* - Set the ESA to perform 80 video averages */ m

/* SENS: AVER TYPE LPOW */ 2

/* SENS: AVER COUN 80 */ '%
(7]
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/* SENS: AVER STAT ON */
/* - Trigger a neasurenent, and set OPC bit when done */
/* INIT: 1| MM */
/* *OPC */
/* - Wait for the SRQ */
/* - When an interrupt occurs, poll all instrunents */
/* - Report the nature of the interrupt on the ESA anal yzer */
/* - dear the status register enable */
/* *SRE 0 */
/* - dear the status byte of the ESA */
/* *CLS */
/* - dose the session */

/************************************************************/

y
i
i
-
i
i
u
i

ncl ude <stdi o. h>
ncl ude <stdlib. h>
ncl ude <nath. h>
ncl ude <coni o. h>
ncl ude <ctype. h>
ncl ude <string. h>
ncl ude <wi ndows. h>
ncl ude "visa. h"

#define hpESA | DN E4401B "Hew ett- Packard, E4401B'
#define hpESA |IDN E4411B "Hew ett- Packard, E4411B'
#define hpEMC | DN E7401A "Hewl ett-Packard, E7401A"
#define YIELD Sl eep(10)

Vi Session defaul t RM vi ESA
Vi Status errStatus;

Vi Char cldBuf f[256] = {0};
Vi Addr i Addr ess;

char cEnter =0;

i nt i Result =0;

i nt i SrqCccurred=0;
char cBuf[ 3] ={0};

ﬁ /*Vait until SRQis generated and for the handler to be called. Print
g' sonething while waiting. Wien interrupt occurs it will be handl ed by
E interrupt handl er*/

o voi d Wit For SRQY)

% long | Count = OL;

5 i SrgQccurred =0;

&
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printf ("\t\nWaiting for an SRQto be generated ...");
for (I GCount =0; (| Count<10) && (i SrqCccurred ==0); | Count ++)
{

I ong | Count 2 =0;

printf(".");

while ((ICount2++ < 100) && (i SrqCccurred ==0))

{

Yl ELD;

}
}
printf("\n");
}

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);
i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&

strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50Mt anplitude reference for the nodel s*/
/ *E4401B, E4411B and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency lints >= 3Gz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n");
scanf( "%", &Enter);
/*Externally route the 50Mt&z Signal */
vi Printf(vi ESA "CAL: SOUR STAT (N \n");
}
}

[*Interrupt handler,trigger event handl er */

Vi Status M _FUNCH nySrqgHdl r (Vi Sessi on vi ESA, Vi Event Type event Type, Vi Event
ctx, Vi Addr userHdl r)

{
ViU nt16 i StatusByte;
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/* Make sure it is an SRQ event, ignore if stray event*/
if (eventType! =V1 _EVENT_SERVI CE_REQ

{
printf ("\'n Stray event typeOx%x\n", event Type);
/*Return successful | y*/
return VI _SUCCESS;

}

/* When an interrupt occurs, determ ne which device generated the interrupt
(if an instrument other than the ESA generates the interrupt, sinply report
"Instrunent at GPIB Address xxx Has Generated an Interrupt”).*/

printf ("\'n\n SRQ event occurred!\n");

printf ("\n ... Oiginal Device Session =%t\n", vi ESA);

/*CGet the GPIB address of the insrument, which has interrupted*/
vi Quer yf (vi ESA, " SYST: COMW GPI B: SELF: ADDR?\n", "% ", cBuf);
printf ("\n Instrument at GPIB address %s has generated an interrupt!\n", cBuf);

/*CGet the status byte*/
/* If the ESA generated the interrupt, deternine the nature of the interrupt;
did the neasurenent conplete or an error nessage occur?*/
vi Queryf (vi ESA, "*ESR?\n", "%l", & StatusByte);
if ( (Ox01 & i StatusByte))
printf("\'n SRQ nmessage:\t Measurenent conplete\n");
elseif ( (Ox02 | 0x10 | Ox20 & i StatusByte ))
printf ("\'n SRQ message:\t Error Message Cccurred\n");

/*Return successful | y*/

i SrqCccurred =1,

vi ReadSTB(vi ESA, & St at usByt e);
return VI _SUCCESS;

}

/* Main Progrant/

voi d mai n()

{

/*Program Vari abl es*/

M Status vi Status = 0;

ﬁ long | Qoc=0;

o

S

E /* pen a GPI B session at address 18*/

o vi St at us=vi penDef aul t RM &def aul t RV ;

E int address =18;

% vi St at us=vi pen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;
5 i f(viStatus)

o

S {
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printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

}

[*d ear the instrunent*/

vi A ear (vi ESA) ;

/| *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

/*d ear the status byte of the instrunent*/
viPrintf(viESA "*QLS\n");

/*D splay the program headi ng */
printf("\n\t Status Register - Determne Wien a Measurenent is Done \n\n" );

[*Put the anal yzer in a single sweep*/
viPrintf(viESA"INT.:CONT 0 \n");

[* Check for the instrument nodel nunber and route the 50MHz-si gnal accordingl y*/
Rout e50MHzSi gnal () ;

/*Set the anal yzer to 50MHz center frequency*/
vi Printf(vi ESA "SENS: FREQ CENT 50 MHz\n");

/*Set the anal yzer resol ution bandwi dth to 300 Khz*/
vi Printf(vi ESA "SENS: BAND: RES 300 KHz\n");

/*Set the anal yzer to 10MH span*/
vi Printf(vi ESA " SENS: FREQ SPAN 10MHz\ n");

[*Trigger a sweep*/
viPrintf(viESA"INT:IMNn");

/*Make sure the previous command has been conpl et ed*/

vi Queryf (vi ESA, "*CPCA\n", "%l", & pc);

if (!'1Qpc)

{
printf("Program Abort! error ocurred: |ast command was not conpleted!\n");
exit(0);

}

/* Set the service request nmask to assert SRQ when either a neasurenent

is conpleted or an error message has occurred. */
vi Printf(vi ESA "*SRE 96\n");
vi Printf(vi ESA "*ESE 35\n");

/* Configure the conputer to respond to an interrupt*/
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/*install the handl er and enable it */
vi I nstal | Handl er (vi ESA, VI _EVENT_SERVI CE REQ nySrqgHdl r, i Address);
vi Enabl eEvent (vi ESA, VI _EVENT_SERVICE REQ M _HNDLR VI _NULL);

/*Send an undefi ned cormand to the devi ce*/
vi Printf(vi ESA "IDN\n");

/*Vait for SRQ */
Wi t For SRQ) ;

/* Pause 5 seconds to observe error nessage displ ayed on ESA*/
Sl eep(5000) ;

/*Aver agi ng the successive nmeasurenents, Set video averaging to 80 sweeps,
/*Turn the avarage On*/
vi Printf(vi ESA ": SENS: AVER TYPE LPON : SENS: AVER COUN 80; : SENS: AVER STAT ON\n");

/* Set the service request mask to assert SRQ when either a neasurenent
is conpleted or an error nessage has occurred. */

vi Printf(vi ESA "*SRE 96\n");

vi Printf(vi ESA "*ESE 35\n");

/*Trigger the sweeps and set the *CQPC bit after the sweeps are conpl et ed*/
viPrintf(viESA":INT: 1M *CPQ n");

/*Wait for SRQ */
Wi t For SRQ) ;

/*Di sabl e and uninstall the interrupt handl er*/
vi D sabl eEvent  (vi ESA, VI _EVENT_SERVI CE REQ VI _H\DLR);
vi Uni nstal | Handl er (vi ESA, VI _EVENT _SERVI CE REQ nySrqgHdl r, i Address);

/*Q ear the instrunent status register*/
viPrintf(viESA "*SRE 0 \n");

/*Q ear the status byte of the instrunent*/
viPrintf(vi ESA "*CLS\n");

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Determineif an Error has Occurred

/************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Determine if an error has occurred

This exanple is for the E44xxB ESA Spectrum Anal yzers
and E740xA EMC Anal yzers.

This C programm ng exanpl e does the foll ow ng.
The SCPI instrunent commands used are given as
r ef erence.

- (pens a GPIB session at address 18
- Uears the Anal yzer
*CLS
- Resets the Anal yzer
*RST
- Sets the service request nask to assert SRQ when
either a measurenent is uncalibrated or an error
nmessage has occurred.
STAT: QUES: ENAB 512
STAT: QUES: | NT: ENAB 8
*ESE 35
*SRE 104
- Set the center frequency to 500M# and span to 100MHz
SENS: FREQ CENT 500 MHZ
SENS: FREQ SPAN 100 MHz
- Set the analyzer to an uncalibrated state
- Wien an interrupt occurs, poll all instruments
- Report the nature of the interrupt on the ESA anal yzer
- Pause 5 seconds to observe the anal yzer
- Sets the service request mask to assert SRQ when
either a measurenent is uncalibrated or an error
nessage has occurred.
*ESE 35
*SRE 96
- Send an illegal command to the ESA
IDN (illegal comrand)
- Wien an interrupt occurs, poll all instrunments
- Report the nature of the interrupt on the ESA anal yzer
- QUear the anal yzer status registers
*SRE 0
*ESE 0
STAT: QUES: ENAB 0

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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/* STAT: QUES: | NT: ENAB 0 */
/* *CQLS */
/* - Continue nonitoring for an interrupt */
/* - dose the session */

/************************************************************/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

#i ncl ude <coni o. h>
#i ncl ude <ctype. h>
#i ncl ude <string. h>
#i ncl ude <w ndows. h>
#i ncl ude "visa. h"

#define  hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define  hpESA | DN E4411B "Hew ett-Packard, E4411B'
#define hpEMC | DN E7401A "Hew ett-Packard, E7401A"
#define  YIELD Sl eep(10)

Vi Session defaul tRM vi ESA;
Vi Status errStatus;

Vi Char cldBuf f[256] = {0};
char cEnter =0;

i nt i Result =0;

i nt i SrqCccurred = 0;

char cBuf[3]={0};

/*Wait until SRQis generated and for the handler to be called. Print
sorret hing while waiting. Wien interrupt occurs it will be handl ed by
i nterrupt handl er*/

voi d Wit For SRQY)

{
long | Count = OL;
i SrqCccurred =0;
printf ("\t\nWaiting for an SRQto be generated ...");
for (1GCount =0; (| Count<10) && (i SrqCccurred ==0); | Count ++)
{

I ong | Count 2 =0;

printf(".");

while ((ICount2++ < 100) && (i SrqCccurred ==0))

{

Yl ELD,
}
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}
printf("\n");

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHSi gnal ()

{

vi Queryf (vi ESA, "*IDN?\n", "%", &cldBuff);
i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&

strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult == 0)

{
/*Set the input port to the 50ME anplitude reference for the nodel s*/
/ *E4401B, E4411B and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
el se
{
/* For the anal yzers having frequency lints >= 3Gz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n");
scanf( "%", &Enter);
/*Externally route the 50Mt& Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
}

[*Interrupt handl er,trigger event handl er */

Vi Status M _FUNCH sSrqgHdlr (Vi Session vi ESA, Vi Event Type event Type, Vi Event
ctx, Vi Addr userHdl r)

{
Vi U nt16 i StatusByte=0;
long | Cond = OL;

/* NMake sure it is an SRQ event, ignore if stray event*/
i f (event Type! =VI _EVENT_SERVI CE_REQ

{
printf ("\n Stray event typeOx%x\n", event Type);
/*Return successful | y*/
return VI _SUCCESS;

}
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/* When an interrupt occurs, determ ne which device generated the interrupt
(if an instrument other than the ESA generates the interrupt, sinply report
"Instrunent at GPIB Address xxx Has Generated an Interrupt”).*/

printf ("\'n SRQ Event Cccurred!\n");

printf ("\n ... Qiginal Device Session =%1d\n", vi ESA);

/*CGet the GPIB address of the insrument, which has interrupted*/
vi Quer yf (vi ESA, " SYST: COMW GPI B: SELF: ADDR?\n", "% ", cBuf);
printf ("\n Instrument at GPIB Address %s Has Cenerated an Interrupt!\n", cBuf);

/*Cet the status byte*/
/* If the ESA generated the interrupt, deternmine the nature of the interrupt
either a neasurenent is uncalibrated or an error nessage has occurred?*/
vi Queryf (vi ESA, "STAT: QUES: | NT: EVEN?\ n", "%l", & StatusByte);
if ( (Ox08 & i StatusByte))
printf("\'n SRQ nmessage:\t Measurenent uncalibrated\n");

/* If the ESA generated the interrupt, deternine the nature of the interrupt;
did is the neasurenent conplete or an error nessage occur?*/
vi Queryf (vi ESA, "*ESR?\n", "%l", & StatusByte);
if ( (iStatusByte !=0) &% (0x01 & i StatusByte))
printf("\'n SRQ nmessage:\t Measurenent conplete\n");
else if ( (iStatusByte !'=0) &% (0x02 | 0x10 | Ox20 & i StatusByte ))
printf ("\'n SRQ message:\t Error Message Cccurred\n");

/*Return successful | y*/

i SrqCccurred =1,

vi ReadSTB(vi ESA, & St at usByte);
return VI _SUCCESS;

}

voi d mai n()

{

/*Program Vari abl es*/
M Status vi Status = 0;

printf("Could not open a session to GPl B device at address 18!'\n");
exit(0);

| ong | Qoc= OL;
i nt i | ntNun¥ O;
| ong | Count = OL;
()
kS
g' /* pen a GPI B session at address 18*/
E vi St at us=vi penDef aul t RM &def aul t RV ;
o vi St at us=vi pen(def aul t RM "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA);
E i f(vi Status)
% {
(2]
o
o
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}

[*C ear the instrunment*/
vi d ear (vi ESA) ;

/[ *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

/*Q ear the status byte of the instrunent*/
viPrintf(vi ESA "*QLS\n");

/*D splay the program headi ng */
printf("\n\t\t Status register - Determne if an Error has Qccurred\n\n" );

[* Check for the instrunment nodel nunber and route the 50MHz-si gnal accordingl y*/
Rout e50MHzSi gnal () ;

[*Put the anal yzer in single sweep*/
viPrintf(vi ESA"INT:CONT 0 \n");

/*Set the service request nmask to assert SRQ when either a neasurenent
is uncalibrated (i.e. "Meas Uncal " displayed on screen) or an error
nmessage has occurred. */
vi Printf(vi ESA " STAT: QUES: ENAB 512\ n");

vi Printf(vi ESA "STAT: QUES: | NT: ENAB 8\n");
vi Printf(vi ESA "*ESE 35\n");
vi Printf(vi ESA "*SRE 104\ n");

/*Configure the conputer to respond to an interrupt,install the handl er
and enable it */

vi I nstal | Handl er (vi ESA, VI _EVENT_SERVI CE_ REQ sSrqgHdl r, Vi Addr (10));

vi Enabl eEvent (vi ESA, VI _EVENT _SERVICE REQ M _HNDLR M _NULL);

i SrqCccurred =0;

/*Set the anal yzer to a 500 MEz center frequency*/
vi Printf(vi ESA " SENS: FREQ CENT 500 MHZ \n");

/*Set the anal yzer to a 100 Mz span*/
vi Printf(vi ESA " SENS: FREQ SPAN 100 MHAA n");

/*Set the analyzer to a auto resolution BW/
vi Printf(vi ESA " SENS: BAND: RES: AUTO 1\ n");

/[*Set the analyzer to a Auto Sweep Tine*/
vi Printf(vi ESA "SENS: SWE TI ME: AUTO 1\ n");

[*Al ow anal yzer to sweep several tines.*/
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viPrintf(viESA "INT:CONT 1 \n");

/*Manual |y coupl e sweeptime to 5nms. reduce resolution BWto 30 KHz.
"Meas Uncal " shoul d be displayed on the screen, and an interrupt shoul d
be generated. */

vi Printf(vi ESA "SENS: SWE TIME 5 ns \n");

vi Printf(vi ESA "SENS: BAND: RES 30 KHZ \n");

/*Wait for SRQ/
Wi t For SRQ) ;

/*Pause for 5 seconds to observe "Meas Uncal " message on ESA di spl ay*/
Sl eep(5000) ;

/* Set the service request mask to assert SRQ when either a neasurenent
is conpleted or an error nessage has occurred. */

vi Printf(vi ESA "*SRE 96\n");

vi Printf(vi ESA "*ESE 35\n");

/*Send an undefi ned coomand to the devi ce*/
vi Printf(vi ESA "IDN\\n");

/*Vait for SRQ/
Wi t For SRQ) ;

/*Di sable and uninstall the interrupt handl er*/
vi D sabl eEvent (vi ESA, VI _EVENT_SERVICE REQ VI _H\DLR);
vi Uni nstal | Handl er (vi ESA, VI _EVENT _SERVI CE REQ sSrqgHdl r, Vi Addr (10));

/*Q ear the instrunent status register*/
viPrintf(viESA "*SRE 0 \n");

viPrintf(vi ESA "*ESE 0 \n");

vi Printf(vi ESA " STAT: QUES: ENAB 0\ n");

vi Printf(vi ESA "STAT: QUES: | NT: ENAB 0\ n");

/*Q ear the status byte of the instrunent*/
vi Printf(vi ESA "*CLS\n");

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Measuring Harmonic Distortion (GPIB)

/************************************************************/

/* Measuring Harnonic D stortion (GPlB) */

/* */

/[* This exanple is for the E44xxB ESA Spectrum Anal yzers */

/* and E740xA EMC Anal yzers. */

/* */

/* This C programm ng exanpl e does the foll ow ng. */

/* The SCPI instrunent commands used are given as */

/* reference. */

/* */

/* - Qpens a GPIB session at address 18 */

/[* - Oears the Anal yzer */

/* *CLS */

/* - Resets the Anal yzer */

/* *RST */

/[* - Set the input port to the 50 MHz reference */

/* CAL: SOUR STAT ON */

/[* - Set the anal yzer center frequency to the fundament al */

/* SENS: FREQ CENT freq */

/* - Set the anal yzer to 10 Mz span */

/* SENS: FREQ SPAN 10 MZ */

/* - Set the anal yzer to single sweep node */

/* INT: CONT O */

[* - Take a sweep and wait for sweep conpl etion */

/* INT: | MM *WA */

/* - Performthe peak search */

/* CALC. MARK: VAX */

/* - Set the marker to reference |evel */

/* CALC MARK: SET: RLEV */

[* - Take a sweep and wait for sweep conpl etion */

/* INT: | MM *WA */

/[* - Performthe peak search */

/* CALC. MARK: VAX */

/* - Change VISA tineout to 60 seconds */

/[* - Activate signal track */ -

/* CALC. MARK: TRCK: STAT ON */ é

[* - Performnarrow span and wait */ =

/* SENS: FREQ SPAN 10e4 *] =

[* - Check for operation conplete */ é

/* *CPC? */ m

/* - De-activate signal track */ )

/* CALC. MARK: TRCK: STAT COFF */ -cg_;
D
(7]
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/* - Reset VISAtineout to 3 seconds */
/* - Set units to dBm */
/* UN T: PON DBM */
/* - Take a sweep and wait for sweep conpl etion */
/* INT: 1 MM */
/* * CPC? */
/* - Performthe peak search */
/* CALC. MARK: MAX */
/* - Read the marker anplitude,this is the fundanental Level*/
/* CALC MARK: Y? */
/* - Change the anplitude units to volts */
/* UN T: POV V */
/* - Take a sweep */
/* INT: I MM */
/* - Check for operation conplete */
/* *CPC? */
/* - Read the marker anplitude in volts, this is the */
/* fundarmental anplitude in volts. */
/* CALC MARK: Y? */
/* - Read the nmarker frequency */
/* CALC MARK: X? */
/* - Measure each harnonic anmplitude as foll ows: */
/* Set the span to 20 Mt */
/* SENS: FREQ SPAN 20 MZ */
/* Set the center frequency to the desired harnonic */
/* SENS: FREQ CENT <freg> */
/* Take a sweep and wait for operation conplete */
/* INT: I MM */
/* *CPC? */
/* Per f or m peak search */
/* CALC: MARK: MAX */
/* Set VI SA timeout to 60 seconds */
/* Activate signal track */
/* CALC. MARK: TRCK: STAT ON */
/* Zoomdown to a 100 kHz span */
/* SENS: FREQ SPAN 10E4 */
/* Take a sweep and wait for operation conplete */
/* INT: I MM */
3 /* * CPC? *)
g' /* Signal track off */
IL‘S /* CALC. MARK: TRCK: STAT CFF */
o /* Reset VISA tineout to 3 seconds */
E /* Perf orm Peak Search */
% /* CALC: MARK: MAX */
5 /* Set nmarker anplitude in volts */
2 /* UNI T: POV V x|
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/* Query, read the narker anplitude in volts */
/* CALC. MARK: Y? */
/* Change the anplitude units to dBmand read the */
/* mar ker anpl it ude. */
/* UN T: POV DBM */
[* - Calculate the relative anplitude of each harnonic */
/* rel etive to the fundarent al */
/* - Calculate the total harnonic distortion */

/* - Display the fundanental anplitude in dBm fundamental */
/* frequency in Mz, relative anplitude of each harmonic */
/* in dBc and total harnonic distortion in percent */
/* - dose the session */

/************************************************************/

y
i
i
i
i
i
i

ncl ude <stdi o. h>
ncl ude <stdlib. h>
ncl ude <mat h. h>

ncl ude <coni o. h>
ncl ude <ctype. h>
ncl ude <string. h>
ncl ude "visa. h"

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#def i nehpEMC | DN E7401A "Hewl ett-Packard, E7401A"

Vi Session defaul t RM vi ESA
Vi Status errStatus;
Vi Char cl dBuf f[ 256] = {0};

char cEnter = 0;
i nt i Result = 0;
| ong | Qoc =0L;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);
i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&

strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult ==0)

{
/*Set the input port to the 50M& anplitude reference for the nodel s*/
/ *E4401B, E4411B, and E7401A*/
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
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}
el se
{
/* For the analyzers having frequency limts >= 3GHz, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the I NPUT \n");
printf ("...... Press Return to continue \n");
scanf( "%", &Enter);
/*Externally route the 50Mtz Signal */
vi Printf(vi ESA "CAL: SOUR STAT ON \n");
}
}

voi d TakeSweep()

{

/*Take a sweep and wait for the sweep conpl etion*/
ViPrintf(viESA"INT.IMANn");

vi Queryf (vi ESA, "*CPCAAn", "%l", & pc);

if (!'lQpc)

{
printf("Program Abort! Error occurred: |last command was not conpleted! \n");
exit(0);

}

}

voi d mai n()

{

/*Program Vari abl es*/

Vi Status vi Status = 0;
doubl e dFundarental = 0.0;
doubl e dHar nfreq =0. 0;
float fHarnmV 10] ={0.0};
float fHarnDbnf10]={0. 0};
fl oat fRel Anptd[10]={0. 0};
float fFundaAnpt dDbn¥O0. O;
doubl e dFundaAmpt dv=0. 0;
doubl e diarkerFreq = 0. 0;
doubl e dPrcntDistort =0.0;
doubl e dSunBquare =0. 0;
long | MaxHarnoni ¢ =0L;
long | NumeOL;

/*Setting default val ues*/
| MaxHar noni ¢ =5;
dFundanent al =50. O;
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/* C(pen a @GPl B session at address 18*/

vi St at us=vi penDef aul t RM &lef aul t RV) ;

vi St at us=vi Qpen(def aul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
printf("Could not open a session to GPl B device at address 18!'\n");
exit(0);

}

/*d ear the instrunent*/

vi d ear (vi ESA) ;

/| *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Harnmonic Distortion Program\n\n" );

[* Check for the instrument nodel nunber and route the 50MHz-si gnal accordingly*/
Rout e50MHzSi gnal () ;

[*Pronpt user for fundamental frequency*/
printf("\t Enter the input signal fundanmental frequency in Mz ");

/*The user enters fundamental frequency*/
scanf ("% f", &lFundanent al );

/*Set the anal yzer center frequency to the fundamental frequency. */
vi Printf(vi ESA "SENS: FREQ CENT %l f MHZ \n;", dFundanent al ) ;

/*Set the anal yzer to 10ME Span */
vi Printf(vi ESA " SENS: FREQ SPAN 10 MHZ\ n");

[*Put the analyzer in a single sweep */
viPrintf(viESA"INT:CONT 0 \n");

[*Trigger a sweep, wait for sweep conpl eti on*/
viPrintf(viESA"INT. MM *WAI\N");

/*Performa peak search */
vi Printf(vi ESA "CALC. MARK MAX \n");

/* Place the signal at the reference level using the
nmar ker-to-ref erence | evel conmand and take sweep */

vi Printf(vi ESA "CALC. MARK: SET: RLEV \n");

[*Trigger a sweep, wait for sweep conpl etion*/
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viPrintf(viESA"INT: I M *WAI\n");

/*Performa peak search */
vi Printf(vi ESA "CALC MARK: MAX \ n");

/*increase tineout to 60 sec*/
vi Set Attri but e(vi ESA VI _ATTR _TMD VALUE, 60000) ;

/*Performactivate signal track */
vi Printf(vi ESA "CALC MARK: TRCK: STAT ON \n");

/*Take a sweep and wait for the sweep conpl eti on*/
TakeSweep() ;

[*Perform narrow span and wait */
vi Printf (vi ESA " SENS: FREQ SPAN 10e4 \n");

/*Take a sweep and wait for the sweep conpl eti on*/
TakeSweep() ;

/*De activate the signal track */
vi Printf(vi ESA "CALC. MARK: TRCK: STAT CFF \n");

/*Reset tineout to 3 sec*/
vi Set Attribute(vi ESA VI _ATTR TMD VALUE, 3000) ;

/*Set units to DBM/
viPrintf(vi ESA "UNT:. PONDBM\n");

/*Performa peak search */
vi Printf(vi ESA "CALC MARK: MAX \n");

/*Read the marker anplitude, this is the fundamental anplitude
in dBm */
vi Quer yf (vi ESA, "CALC. MARK: Y2\ n", "9df", & FundaAmpt dDbnj;

/*Change the anplitude units to Volts */
viPrintf(vi ESA "UNT: PONV \n");

/*Read the nmarker anplitude in volts, This is the fundanental anplitude
in Volts (necessary for the THD cal cul ation).*/
vi Quer yf (vi ESA, "CALC. MARK: Y2\ n", "% f", &dFundaAnpt dV) ;

/*Read the narker frequency. */
vi Quer yf (vi ESA "CALC. MARK: X? \n","%f", &Mar ker Freq) ;
dFundanent al = dMar ker Freq;
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[ *Measure each harnonic anplitude as foll ows: */

for ( 1 Nume2; | Nunx=l MaxHar noni c; | Numt+)

{
/*Measuring the Harnoni c No#[ %] nessage */
printf("\n\t Measuring the Harmonic No [%l] \n",| Num);

/*Set the span to 20 MHz*/
vi Printf (vi ESA "SENS: FREQ SPAN 20 MHZ \ n");

/*Set the center frequency to the nom nal harnonic frequency*/
dHar nFreq = | Nun¥ dFundarrent al ;
vi Printf(vi ESA "SENS: FREQ CENT %l f HZ \n;", dHar nFreq) ;

/*Take a sweep and wait for the sweep conpl etion*/
TakeSweep() ;

/*Performa peak search and wait for conpletion */
vi Printf(vi ESA "CALC MARK MAX\ n");

/*increase tinmeout to 60 sec*/
vi Set Attribute(vi ESA VI _ATTR TMD VALUE, 60000) ;

/*Activate signal track */
vi Printf(vi ESA "CALC MARK TRCK: STAT ON\n");

/*Zoom down to a 100 kHz span */
vi Printf(vi ESA " SENS: FREQ SPAN 10e4\n");

/*Take a sweep and wait for the sweep conpl eti on*/
TakeSweep() ;

/* Signal track off */
vi Printf(vi ESA "CALC MARK: TRCK: STAT GFR\n");

/*Reset tinmeout to 3 sec*/
vi Set Attribute(vi ESA VI _ATTR _TMD VALUE, 3000) ;

/*Set Marker Anplitude in Volts*/
vi Printf(vi ESA "UNT: PONVWN");

/*Performa peak search and wait for conpletion*/
vi Printf(vi ESA "CALC MARK MAX\ n");

/*Query and read the Marker Anplitude in Volts*/
/*Store the result in the array.*/
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vi Quer yf (vi ESA, "CALC MARK: Y2\ n", "odf", & HarmV | Nunj);

/*Change the anplitude units to DBM */
viPrintf(vi ESA "UN T: PONDBM n");

/* Read the marker anplitude */
vi Quer yf (vi ESA, "CALC. MARK: Y2\ n","%df", & HarnDbnil Nunj);
}

/*Sumthe square of each element in the fHarnV array. Then
calculate the relative anplitude of each harnonic relative
to the fundanental */

for (I Num=2; | Nunx=l MaxHar noni c; | Numt+)

{
dSuntquar e= dSuntquare + (pow (doubl e(fHarmV[ 1 Nunj) ,2.0));
/* Relative Anplitude */
fRel Anptd[ | Nunj = fHarnDonj | Nunj - fFundaAnpt dDbm ;

}

/*Cal culate the total harnonic distortion by dividing the square root of

the sumof the squares (dSunBquare) by the fundanmental anplitude in Volts
(dFundaAmpt dV) . Mul tiply this value by 100 to obtain a result in percent*/
dPrcntDistort = ((sqrt(doubl e (dSunBquare))) /dFundaAnptdV) *100 ;

/*Fundarental anplitude in dBm */
printf("\n\t Fundanental Anplitude: %l f dB \n\n", fFundaAnpt dDbn);

/*Fundarent al Frequency in Miz*/
printf("\t Fundamental Frequency is: %l f MH& \n\n", dFundanent al / 10e5);

/*Rel ative anplitude of each harmonic in dBc*/
for (1 Num=2; | Nunx=l MaxHar noni c; | Numt+)

printf("\t Relative anplitude of Harnonic[%l]: %l f dBc
\n\n", I NumfRel Anptd[| Nunj);

/*Total harnonic distortion in percent*/
printf("\t Total Harnonic Distortion: %l f percent \n\n",dPrcntD stort);

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Measuring Har monic Distortion (RS-232)

/************************************************************/

/* Measuring Harnonic D stortion (RS 232) */

/* */

/[* This exanple is for the E44xxB ESA Spectrum Anal yzers */

/* and E740xA EMC Anal yzers. */

/* */

/* This C programm ng exanpl e does the foll ow ng. */

/* The SCPI instrunent commands used are given as */

/* reference. */

/* */

/[* - Qpens an RS-232 session to the COML serial port */

/[* - Oears the Anal yzer */

/* *CLS */

/* - Resets the Anal yzer */

/* *RST */

/[* - Set the input port to the 50 MHz reference */

/* CAL: SOUR STAT ON */

/[* - Set the anal yzer center frequency to the fundament al */

/* SENS: FREQ CENT freq */

/* - Set the anal yzer to 10 Mz span */

/* SENS: FREQ SPAN 10 MZ */

/* - Set the anal yzer to single sweep node */

/* INT: CONT O */

[* - Trigger a sweep and wait for sweep conpl etion */

/* INT: | MM *WA */

/* - Performthe peak search */

/* CALC. MARK: VAX */

/* - Set the marker to reference |evel */

/* CALC MARK: SET: RLEV */

[* - Trigger a sweep and wait for sweep conpl etion */

/* INT: | MM *WA */

/[* - Performthe peak search */

/* CALC. MARK: VAX */

/* - Change VISA tineout to 60 seconds */

/[* - Activate signal track */ -

/* CALC. MARK: TRCK: STAT ON */ é

[* - Performnarrow span and wait */ =

/* SENS: FREQ SPAN 10e4 *] =

[* - Check for operation conplete */ é

/* *CPC? */ m

/* - De-activate signal track */ )

/* CALC. MARK: TRCK: STAT COFF */ -cg_;
D
(7]
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/* - Reset VISAtineout to 3 seconds */
/* - Set units to dBm */
/* UN T: PON DBM */
/* - Take a sweep and wait for sweep conpl etion */
/* INT: 1 MM */
/* * CPC? */
/* - Performthe peak search */
/* CALC. MARK: MAX */
/* - Read the marker anplitude,this is the fundanental Level*/
/* CALC MARK: Y? */
/* - Change the anplitude units to volts */
/* UN T: POV V */
/* - Take a sweep */
/* INT: I MM */
/* - Check for operation conplete */
/* *CPC? */
/* - Read the marker anplitude in volts, this is the */
/* fundarmental anplitude in volts. */
/* CALC MARK: Y? */
/* - Read the nmarker frequency */
/* CALC MARK: X? */
/* - Measure each harnonic anmplitude as foll ows: */
/* Set the span to 20 Mt */
/* SENS: FREQ SPAN 20 MZ */
/* Set the center frequency to the desired harnonic */
/* SENS: FREQ CENT <freg> */
/* Take a sweep and wait for operation conplete */
/* INT: I MM */
/* *CPC? */
/* Per f or m peak search */
/* CALC: MARK: MAX */
/* Set VI SA timeout to 60 seconds */
/* Activate signal track */
/* CALC. MARK: TRCK: STAT ON */
/* Zoomdown to a 100 kHz span */
/* SENS: FREQ SPAN 10E4 */
/* Take a sweep and wait for operation conplete */
/* INT: I MM */
3 /* * CPC? *)
g' /* Signal track off */
IL‘S /* CALC. MARK: TRCK: STAT CFF */
o /* Reset VISA tineout to 3 seconds */
E /* Perf orm Peak Search */
% /* CALC: MARK: MAX */
5 /* Set nmarker anplitude in volts */
2 /* UNI T: POV V x|
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/* Query, read the narker anplitude in volts */
/* CALC. MARK: Y? */
/* Change the anplitude units to dBmand read the */
/* mar ker anpl it ude. */
/* UN T: POV DBM */
[* - Calculate the relative anplitude of each harnonic */
/* rel etive to the fundarent al */
/* - Calculate the total harnonic distortion */

/* - Display the fundanental anplitude in dBm fundamental */
/* frequency in Mz, relative anplitude of each harmonic */
/* in dBc and total harnonic distortion in percent */
/* - dose the session */

/************************************************************/

y
i
i
i
i
i
i

ncl ude <stdi o. h>
ncl ude <stdlib. h>
ncl ude <mat h. h>

ncl ude <coni o. h>
ncl ude <ctype. h>
ncl ude <string. h>
ncl ude <vi sa. h>

#defi ne hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define hpESA | DN E4411B "Hew ett - Packard, E4411B"
#def i nehpEMC | DN E7401A "Hewl ett-Packard, E7401A"

Vi Sessi on defaul tRM vi ESA;
Vi Status errStatus;

Vi Char cl dBuf f[ 256] = {0};
char cEnter = 0;

i nt i Result = 0;

| ong | Qpc =0L ;

/*Set the input port to 50MHz anplitude reference*/
voi d Rout e50MHzSi gnal ()

{

vi Queryf (vi ESA, "*IDNAAn", "%", &cldBuff);
i Result = (strncnp( cldBuff, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&

strncnp( cldBuf f, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cl dBuff,
hpEMC | DN_E7401A, strlen(hpEMC | DN E7401A)));

if( iResult ==0)

{
/*Set the input port to the 50Mt anplitude reference for the nodel s*/
/ *E4411B, E4401B*/
vi Printf(vi ESA "CAL: SOUR STAT O\\n");
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}
el se
{
/* For the analyzers having frequency linits >= 3G+, pronpt the user*/
/* to connect the anplitude reference output to the input*/
printf ("Connect AMPTD REF QUT to the INPUT \n");
printf ("...... Press Return to continue \n");
scanf ( "9%", &Enter);
/*Externally route the 50M+z Signal */
vi Printf(vi ESA "CAL: SOUR STAT O\\n");
}
}

voi d TakeSweep()

{

/*Take a sweep and wait for the sweep conpl eti on*/
viPrintf(viESA"INT:IMAN");

vi Queryf (vi ESA, "*COPCAn", "%l", & pc);

if ('l Qpc)

{
printf("ProgramAbort! Error occurred: |ast comand was not
exit(0);

}

}

voi d mai n()

{

/*Program Vari abl es*/

Vi Status vi Status = 0;
doubl e dFundanental = 0.0;
doubl e dHarnfreq = 0. 0;
float fHarmV 10] ={0.0};
float fHarnDbni10]={0. 0};
float fRel Anptd[ 10]={0. O};
float fFundaAnpt dDbn=O0. O;
doubl e dFundaAnmpt dv=0. 0;
doubl e diarkerFreq = 0.0;
doubl e dPrcntDistort =0.0;
doubl e dSunBquare =0. 0;
long | MaxHarnoni ¢ =0L;
long | Num=OL;

[*Setting default val ues*/
| MaxHar noni ¢ =5;

conpl eted! \n");
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dFundanent al =50. 0;

/* Cpen a serial session at COML */

vi St at us=vi penDef aul t RM &lef aul t RV) ;

if (viStatus =vi pen(defaul tRM"ASRL1: : I NSTR', VI _NULL, VI _NULL, &i ESA) !=

VI _SUCCESS)

{
printf("Could not open a session to ASRL device at COMLI\n");
exit(0);

}

/*d ear the instrument*/

vi d ear (vi ESA) ;

/[ *Reset the instrunent*/
viPrintf(vi ESA "*RST\n");

/*D splay the program headi ng */
printf("\n\t\t Harmonic Distortion Program\n\n" );

[* Check for the instrument nodel nunber and route the 50MHz-si gnal accordingly*/
Rout e50MHzSi gnal () ;

[*Pronpt user for fundamental frequency*/
printf("\t Enter the input signal fundamental frequency in Mz ");

/*The user enters fundamental frequency*/
scanf ("% f", &dFundarent al ) ;

/*Set the anal yzer center frequency to the fundamental frequency. */
vi Printf(vi ESA " SENS: FREQ CENT %l f MHZ\ n", dFundanent al ) ;

/*Set the anal yzer to 10MH&z Span */
vi Printf(vi ESA "SENS: FREQ SPAN 10 MHZ\ n");

[*Put the anal yzer in a single sweep node */
viPrintf(vi ESA "IN T: CONT 0\ n");

[*Trigger a sweep, wait for sweep conpl etion*/
viPrintf(viESA"INT: I MM *WAI\n");

/*Performa peak search */
vi Printf(vi ESA "CALC MARK MAX\ n") ;

/* Place the signal at the reference | evel using the
mar ker-to-reference | evel conmmand and take sweep */
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vi Printf(vi ESA "CALC MARK: SET: RLEVAn") ;

/[*Trigger a sweep, wait for sweep conpl etion*/
viPrintf(viESA"INT: I M *WAI\Nn");

/*Performa peak search */
vi Printf(vi ESA "CALC MARK MNAX\ n");

/*Increase tineout to 60 sec*/
vi Set Attri but e(vi ESA, VI _ATTR _TMD VALUE, 60000) ;

/*Performactivate signal track */
vi Printf(vi ESA "CALC MARK: TRCK: STAT ON\n");

/*Take a sweep and wait for the sweep conpl eti on*/
TakeSweep();

/*Perform narrow span and wait */
vi Printf(vi ESA " SENS: FREQ SPAN 10e4\n");

/*Take a sweep and wait for the sweep conpl eti on*/
TakeSweep() ;

/*De activate the signal track */
vi Printf(vi ESA "CALC. MARK: TRCK: STAT GFR\n");

/*Reset tinmeout to 3 sec*/
vi Set Attribute(vi ESA VI _ATTR TMD VALUE, 3000);

/*Set units to dBnf¥/
viPrintf(vi ESA "UNT: PONDBM n");

/*Performa peak search */
vi Printf(vi ESA "CALC MARK MAX\ n");

/*Read the marker anplitude, this is the fundamental anplitude
in dBm*/
vi Quer yf (vi ESA, "CALC. MARK: Y2\ n", "9df", & FundaAmpt dDbnj;

/*Change the anplitude units to Volts */
vi Printf(vi ESA "UNT: PONVWN");

/*Read the narker anplitude in volts, This is the fundanental anplitude
in Volts (necessary for the THD cal cul ation).*/
vi Quer yf (vi ESA, "CALC. MARK: YA n", "% f", &dFundaAnpt dV) ;
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/*Read the marker frequency. */
vi Quer yf (vi ESA, "CALC. MARK: X? \n", "% f", &Mar ker Freq) ;
dFundarent al = dMar ker Fr eq;

[ *Measure each harnonic anplitude as foll ows: */
for ( 1 Nume2; | Nunx=l MaxHar noni c; | Numt+)

{

/*Measuring the Harnoni ¢ No#[ %] nessage */
printf("\n\t Measuring the Harnonic No [%] \n",|Num);

/*Set the span to 20 MHz*/
vi Printf(vi ESA "SENS: FREQ SPAN 20 MHZ\ n");

/*Set the center frequency to the nom nal harnonic frquency*/
dHarnfFreq = | Num * dFundarent al ;
vi Printf(vi ESA "SENS: FREQ CENT %l f HzZ\ n", dHar nfreq) ;

/*Take a sweep and wait for the sweep conpl etion*/
TakeSweep() ;

/*Performa peak search and wait for conpletion */
vi Printf(vi ESA "CALC MARK MAX\ n") ;

/*Increase tinmeout to 60 sec*/
vi Set Attri but e(vi ESA, VI _ATTR_TMD VALUE, 60000) ;

/*Activate signal track */
vi Printf(vi ESA "CALC MARK TRCK: STAT ON\\n");

/*Zoom down to a 100 KHz span */
vi Printf(vi ESA " SENS: FREQ SPAN 10e4\n");

/*Take a sweep and wait for the sweep conpl etion*/
TakeSweep() ;

/* Signal track off */
vi Printf(vi ESA " CALC. MARK: TRCK: STAT OGFR\n");

/*Reset tinmeout to 3 sec*/
vi Set Attri but e(vi ESA, VI _ATTR TMD VALUE, 3000) ;

/*Set marker anplitude in Volts*/
vi Printf(vi ESA "UN T: PONWnN");

/*Performa peak search and wait for conpl etion*/
vi Printf(vi ESA "CALC. MARK MAX\ n") ;
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/*Query and read the nmarker anplitude in Volts*/
/*Store the result in the fHarnV array. */
vi Quer yf (vi ESA "CALC. MARK: Y2\ n", "9df", & HarmM | Nunj);

/*Change the anplitude units to dBm*/
vi Printf(vi ESA "UN T: PONDBM n");

/* Read the marker anplitude */
vi Quer yf (vi ESA, "CALC. MARK: Y2\ n", "9df", &f HarnDbnil Nunj);
}

/*Sumthe square of each element in the fHarnV array and cal cul ate
the relative anplitude of each harnonic relative to the fundanental */
for (1 Num=2; | Nunx=l MaxHar moni c; | Numt+)

{
dSunBquar e= dSuntBquare + (pow (doubl e(fHarnV[ I Nunj) ,2.0));
/* Relative Anplitude */
fRel Anptd[ I Nunj = fHarnDbnj | Nunj - fFundaAnpt dDom ;

}

/*Cal culate the total harnmonic distortion by dividing the square root of

the sumof the squares (dSunBquare) by the fundanmental anplitude in Volts
(dFundaAmpt dV) . Mul tiply this value by 100 to obtain a result in percent*/
dPrcntDistort = ((sqgrt(doubl e (dSunBquare))) /dFundaAnptdV) *100 ;

/*Fundarent al anplitude in dBm */
printf("\ nFundanmental Anplitude: %l f dB \n",fFundaAnpt dDbn);

/*Fundarent al frequency in Miz*/
printf("Fundanmental Frequency is: %l f ME \n",dFundanent al / 10e5);

/*Rel ative anplitude of each harmonic in dBc*/
for (1 Num=2; | Nunx=l MaxHar noni c; | Numt+)

printf("Relative anplitude of Harnonic[%l]: %l f dBc
\n", I NumfRel Anptd[ | Nunj);

/*Total harnonic distortion in percent*/
printf("Total Harnonic Distortion: %l f percent\n",dPrcntDistort);

/*d ose the session*/
vi d ose(vi ESA) ;

vi d ose(defaul tRV) ;

}
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Performing an | SS95A ACPR Base Station M easurement

/************************************************************/

/* ACP.C Agilent Technol ogi es 2000 */

/* */

/* This C programm ng exanpl e does the foll ow ng: */

/* Perfornms a | SO5A ACPR Base Station Measur enent */

/* and Wites the Results to the display */

/* */

/* The required SCPI instrument commands are given as */

/* reference. */

/* */

[* - Opens a GPIB device at address 18 */

/[* - Oears and Resets the Analyzer to a known state */

/* SYST: PRES: TYPE FACT */

/* *RST */

[* - ldentify the Instrument nodel */

/* *| DN? */

/* - Sets the anal yzer center frequency and span */

/* SENS: FREQ CENT freq */

/* SENS: FREQ SPAN freq */

/* - Sets the anal yzer resol ution bandw dth */

/* SENS: BAND r bw */

/[* - Select single sweep node */

/* I N T: OONT COFF */

/* - Disable |ocal display */

/* D SP: ENAB OFF */

/[* - Select internal machine ASCIl data fornat */

/* FORM DATA Ad | */

/* - Select |S95A Standard */

/ *SENS: RAD: STAN | S95 */

/* - Select Device = Base Station */

/ *SENS: RAD: STAN: DEV BTS\ i */

[* - Start the ACP Measuremnent */

/ *CONF: ACP */

/* - Select appropriate byte order (Intel) */

/* FORM BCRD SWAP */ -

/* - Trigger a neasurerment and wait for conpletion */ é

/* INT: *QPC? */ o

[* - Performthe ACPR Measurement */ g

| *READ. ACP? */ g

/* - Display neasurenent results */ m

/[* - O ose session and Return instrunent to | ocal control */ &

/************************************************************I -g
D
(7]
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#i ncl ude <stdi o. h>

#i ncl ude <stdlib. h>

#i ncl ude <string. h>

#i ncl ude <mat h. h>

#i ncl ude <sys\ti neb. h>

#i ncl ude "c:\ VX pnp\w nnt\i ncl ude\vi sa. h"

ﬁ?lefi ne CENTER 870 /* center frequency in Miz, an integer

#define SPAN 2 /* span frequency in M1z, an integer */
#defi ne RBW30 /* resolution BWin kHz, an integer */
ﬁ;}lefi ne DI SPLAY 1 /* ESA display enabl e, disable for speed

MiChar M _FAR cResul t[4096] = {0};

int i Num= 408;/* Nunber of Characters in neasurenent result */
static Vi Char *cToken;

i nt i Count =1;

int i Row = RBW /* resol ution bandwi dth */
i Span = SPAN, /* Anal yzer Frequency Span in Mtz */

y i Center = CENTER /* Anal yzer Center frequency in Mt

char cConmmand[ 100] ;
char cBuffer[100];

Vi Session defaul tRM vi ESA;

[ RHRR KKKk Ak ok ko ko k ok / prepare ESA for measurenent

EREEEEEEEEEEEEEEEEEEEEE RS

voi d setup_acp() {

i nt i Model Nunber;
char * cphModel ;

/* ldentify the instrument and get the nodel nunber */
vi Queryf (vi ESA, "*IDNAAn", "%", &cBuffer);

i Model Nunber = 0;
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if( !'(strstr(cBuffer,"E44") == NULL)) {
cpMdel = strstr(cBuffer,"44");
cpModel [4] = O;
i Model Nunber = at oi (cpMdel ) ;

}

el se {
printf("\nNo E44xx instrunment found, programis exiting\n");
exit(1l);

}

/* Set the Center Frequency */
vi Printf(vi ESA ":SENS: FREQ CENT % Mi\n", iCenter);

/* Set the Span */
vi Printf(vi ESA ": SENS: FREQ SPAN % MHZ\n", i Span);

/* Set the Resol ution Bandw dth */
viPrintf(vi ESA ":SENS:BAND % KHZ\n", i Row);

/* Input a valid cdnaOne signal to the ESA */
. . : . , 0
\n" iC]e%ler}Sf; ("\nConnect a valid cdmaOne signal at a carrier frequency of % Miz

printf ("...... Press <Enter> to continue \n");
scanf( "9%", &cBuffer);

vi Printf(vi ESA, ":CONF: ACP\n");
vi Printf(vi ESA ":SENS: RAD STAN | S95\n");

vi Printf(vi ESA ":SENS: RAD STAN DEV BTS\n");

/* Single sweep node */
viPrintf(vi ESA ":INT:CONT GFR\n");

/* Turn off the local display to naxi nize measurenent rate */
i f(!Dl SPLAY) {

viPrintf(viESA ":D SP.ENAB CFR\n");
/* Transfer data in ASCI| format */

vi Printf(vi ESA, ":FORM DATA ASA I\ n" );

/* select the byte order; lowbyte first for Intel platforns */
/* To further increase nmeasurenent rate, : FORM BCRD NCRM coul d */
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/* be used instead. The byte ordering would then need to be */
/* done within this program
*/
vi Printf(vi ESA, ": FORM BCRD SWAP\n");
return;
}
/******************************** '\/h' n ******************************I

void main(void)

Vi Status vi St at us;
| ong | Qoc=0L;

/* Open a GPIB session at address 18 */
vi Status = vi penDef aul t RV &ef aul t RV ;
vi Status = vi Qpen(defaul t RV "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;
i f(viStatus)
{

printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

/*QA ear the Instrumnent */
vi A ear (vi ESA);

[* Setup the | S95A ACPR neasur enent */
setup_acp();

/* Execute a Single Sweep */

ViPrintf(viESA"INT. IMM\n");
vi Queryf (vi ESA "*CPC\ n", " %", & pc) ;

/* Execute the ACPR Measurenent a read the results */

vi Queryf (vi ESA, "%\ n", "%t ", ": READ. ACP?", & Num cResult);

cToken = strtok(cResult,",");
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/* Print the results of the ACPR Measurenent */
printf("This is element % value is % \n",iCount++ cToken);

whil e (cToken != NULL)

{
cToken = strtok(NULL,",");

printf("This is element %l value is % \n",i Count++, cToken);

/* O ose session */
vi A ose(vi ESA) ;
vi d ose(defaul t RV ;

} /~k**************************** End Of Mil n *******************************/
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Performing an ACPR Adjacent Channel Power

M easurement
[ R R R kR kR kR Rk kKR Rk Rk Rk Rk ok Rk kR Kk ok Rk Kk kK ok Rk Kk Kk kR kK Kk
/* ACPR C Agilent Technol ogi es 2001 */
/* */
/* This C programmi ng exanpl e does the foll ow ng: */
/* Perforns an adjacent channel power neasurenent */
/* */
/* I nstrument Requi renent s: */
/* ESA with firnware version >= A 08. 00 */
/* Not e: You can select which ACPR radio standard you woul d |ike by */
/* changi ng the standard for the RAD O STANDARD conmmand. */
/* This exanpl e sets the radio standard to | S95. */
/* */
ok ko kA kKK kK ok ko kKK ko ok ko Kk ko ok ok ok ko kK ok ko ok ko Kk ko Rk ok Kk Kk kK Kk
/ /
/ /

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>

#i ncl ude "visa. h"

void main ()

{

[ *program vari abl e*/
Vi Session defaul tRM vi PSA;

Vi Status vi St at us = 0;
Vi Char _M _FAR cResul t[2000] = {0};
int i Num =0;

int i SapPnts = 401;

doubl e freq, val ue;

static Vi Char *cToken ;

I ong | Count =0L;

char sTracelnfo [1024]= {0};
FI LE *f Dat aFi | e;
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unsi gned | ong | BytesRetri eved;
char *psaSetup 5/ PSA setup initialization
"*RST; *CLS;"// Reset the device and cl ear status
":INIT: OONT 0;"// Set anal yzer to single sweep node
" RADI O STANDARD | S95";// Set the Radio Standard to | S95

/*open session to GPI B device at address 18 */
vi St at us=vi penDef aul t RM ( &def aul t RV ;
vi Status=vi pen (defaul tRM "GPl BO::18::INSTR', VI _NUL, VI _NULL, &viPSA);

/ *check openi ng sessi on sucess*/

i f(viStatus)

{

printf("Could not open a session to GPl B device at address 18!'\n");
exit(0);

}

/*Increase tineout to 20 sec*/

vi Set Attribute(vi PSA VI _ATTR TMD VALUE, 20000) ;

/*Send setup commands to instrument */
vi Printf(viPSA "%\n", psaSet up);

/*CGet the center freq fromuser*/
printf("Wat is the center carrier frequency in Mz?\n");
scanf( "%f", & req);

/*Set the center freq*/
viPrintf(viPSA "freq:center %f MEZ\n",freq);

/ *Performan ACPR measur enent */
vi Queryf (vi PSA "%\ n", "%t","READ ACP?; *wai " , & Num, cResult);

/*Renove the "," fromthe ASC | data for anal yzi ng data*/

cToken = strtok(cResult,",");

/*Save data to an ASCIl to a file, by renoving the "," token*/
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f Dat aFi | e=fopen("C\\ACPR txt","w'");

fprintf(fDataFile,"ACPR exe Qutput\nAgilent Technol ogi es 2001\ n\ n");
fprintf(fDataFile,"P ease read Prograner's Reference for an\n");
fprintf(fDataFile,"explanation of returned results.\n\n");

while (cToken != NULL)

{

| Count ++;

val ue = atof (cToken);

fprintf(fDataFile,"\tReturn value[%l] = %f\n", | Count, val ue);

cToken =strtok(NULL,",");

}

fprintf(fDataFile, "\nTotal nunber of return points of ACPR neasurenent : [ %l]
\n\n", | Count);

fclose(fDataFile);

[*print message to the standard out put*/

printf("The The ACPR Measurenent Result was saved to C\\ACPR txt file\n\n");

/* d ose session */
vi d ose (vi PSA);

vi d ose (defaul tRV);
}
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Making Faster M easurements (multiple measurements)

/************************************************************/

/* Average.c Agilent Technol ogi es 1999 */

/* */

/* This C programm ng exanpl e does the foll ow ng: */

/* Perforns Power Averaging of Miltiple ESA Measurenents */

/* and Wites the Result back to a Trace for display */

/* */

/* The required SCPI instrument commands are given as */

/* reference. */

/* */

/* - Cpens a GPIB device at address 18 */

/* - Oears and Resets the Analyzer to a known state */

/* SYST: PRES: TYPE FACT */

/* *RST */

[* - ldentify the Instrument nodel */

/* *| DN? */

/* - Sets the anal yzer center frequency and span */

/* SENS: FREQ CENT freq */

/* SENS: FREQ SPAN freq */

/* - Sets the anal yzer resol ution bandw dth */

/* SENS: BAND r bw */

/* - Selects sanpled as the detector node */

/* SENS: DET SAWP */

/* - Disable optional |nput/Qutput functions */

/* :SYST: PCORT: | FVS: ENAB CFF */

[* - Turn off auto-alignment */

/* CAL: AUTO COFF */

/* - Select the desired nunber of sweep points */

/* SVE: PO NTS poi nts */

/* - Select the appropriate display reference | evel and */

/* anpl i tude reference routing */

/* E4402B/ 03B/ 04B/ 05B/ 07B/ 08B or E7402A/ 03A/ 04A/ 05A */

/* D SP: WND: TRAC: Y: RLEV -20 DBM */

/* CAL: SOUR STAT ON */

/* E4401B, E4411B, or E7401A */ -

/* D SP: WND: TRAC: Y: RLEV - 25 DBM */ é

/* CAL: SOUR STAT O\ */ o

/* - Select single sweep node */ g

/* I N T: OONT COFF */ g

/* - Disable |ocal display */ m

/% DI SP: ENAB OFF * g

/* - Select internal machine binary data format (mlli-dBn) */ g1
D
(7]
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/* FCRM DAT | NT, 32 */
/* - Select appropriate byte order (Intel) */
/* FCRM BCRD SWAP */
/* - Repeat the follow ng the requested nunber of times: */
/* - Trigger a neasurerment and wait for conpletion */
/* INT: *CPC? */
/* - Read the resulting measurenent trace */
/* TRAC. DATA? TRACEL */
/* - Conpute running averaged power at all trace points */
/* - Display measurenent statistics */
/* - Wite averaged data to second trace displ ay */
/* TRAC. DATA TRACE2 <definite length bl ock of data> */
/* - Enable view ng of second trace */
/* TRACE2: MODE VI EW */
/* - Enable | ocal display for view ng */
/* DI SP: ENAB ON */
/* - Select continuous sweep node */
/* I NI T: CONT ON */

/* - dose session and Return instrunent to | ocal control */

/************************************************************/

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <string. h>

#i ncl ude <nmat h. h>

#i ncl ude <sys\ti neb. h>
#i ncl ude <vi sa. h>

#define  hpESA | DN E4401B "Hew ett-Packard, E4401B'
#define  hpESA | DN E4411B "Hewl ett- Packard, E4411B"
#define hpEMC | DN E7401A "Hew ett-Packard, E7401A"

f;jefi ne NUM TRACES 100 /* nunber of traces to average

f;jefi ne NUM PA NTS 401 /* requested nunber of points/trace

ff;jefi ne CENTER 50 /* center frequency in Miz, an integer

#defi ne SPAN 20 /* span frequency in Miz, an integer */
#defi ne RBW300 /* resolution BWin kHz, an integer */
ff;jefi ne DI SPLAY 0 /* ESA display enable, disable for speed

#defi ne DATA LENGTH 4 |/* nunber of data bytes in one trace point

#defi ne MAX_PA NTS 8192 /* maxi num nunber of points/trace in ESA
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*/

int i Nunifraces = NUM TRACES, / * nunber of traces to average

*/
i Row = RBW /* resol ution bandwi dt h */
i NunPoi nts = NUM PQ NTS, /* actual nunber of trace points per sweep

*/
i Span = SPAN, /* Anal yzer Frequency Span in Mz */
i Center = CENTER /* Anal yzer Center frequency in Mt

*/

int i Result =0;

unsi gned | ong | Ret Count ; /* the nunber of bytes transferred in one trace record
*/

doubl e dDel ta, dTi mePer, dPower;

struct tineb start _time, stop_tine, elapsed_ tine;
char cConmand[ 100] ;

char cBuffer[100];

char cEnter;
doubl e dPw AvgArray[ MAX PQ NTS] ;

*V|/u nt 32 i Header Lengt h, /* header is "#nyyy..." nis nunber of chars in yyy,

/* yyy is the total data length in bytes */
y i ArrayLengt h, /* i ArrayLength is nunber of bytes of data
y i TernLength = 1, /* the response nessage includes a LF character
y i Bl ockSi ze, /* nunber of bytes expected in one trace definite bl ock
y i Tot al Ret Count ; /[* total nunber of bytes actually transferred

Vi Session defaul t RM vi ESA;

/* reserve space for the header, data and terninator */
Vi Char cl nBuf fer[sizeof ("#nyyyyl") + (MAX_PA NTS * DATA LENGTH) ];
Vi Char cQut Buf fer[si zeof (" TRAC DATA TRACEZ2, #nyyyyl ") + (MAX_PQO NTS * DATA LENGTH

) 1

[ * kKK Sk ke ke k ok ok x Cal cul ate I ength byte in bl ock header

***********************/

i nt HeaderLength(int iArraylLength) {
i nt i Header Lengt h;
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i Header Length = 3; /* i ArrayLength >0 plus increnent for "#' and "n
*/

while ( (iArrayLength = (i ArrayLength / 10)) > 0) {

i Header Lengt h++;

}

ret urn(i Header Lengt h) ;
}
[ R HEK R KKk ko ko ko kx prepare ESA for measurenent
************************/
voi d setup() {

vi Printf(vi ESA ":SENS: FREQ CENT %i MHz\n", iCenter);

vi Printf(vi ESA ": SENS: FREQ SPAN%I MHZ\ n", i Span);

vi Printf(vi ESA ":SENS: BAND%i KHZ\n", iRow);

/* use the sanpling detector for power-average cal cul ati ons */

viPrintf(vi ESA ":DET SAMP\Nn");

/* Turn of f anal og out put of option board to naxi nize neasurenent rate */
vi Printf(vi ESA ":SYST. PORT: | FVS: ENAB CFR\ n");

/[* Turn auto align off to nmaxi m ze neasurenent rate */
viPrintf(vi ESA ":CAL: AUTO CFR\ n");

/* set requested nunber of points */
viPrintf(vi ESA ":SWE PA NTS%i \n", NUM PQ NTS);

printf("This programwi |l neasure and cal cul ate\n");

printf ("the power average of %i %i - poi nt
traces.\n", i Nunraces, i NunPoi nt s) ;

[* Turn on 50 MHz anplitude reference signal */
vi Printf(vi ESA ":CAL: SOUR STAT O\\n");

/* ldentify the instrument and get the nodel nunber */
vi Queryf (vi ESA, "*IDNAAn", "%", &cBuffer);

i Result = (strncnp( cBuffer, hpESA | DN E4401B, strlen(hpESA | DN E4401B)) &&
strncnp( cBuffer, hpESA | DN E4411B, strlen(hpESA | DN E4411B)) && strncnp( cBuffer,
hpEMC | DN_E7401A, strlen(hpEMC_ | DN E7401A)));

if( iResult == 0)

{

/*Set the input port to the 50ME anplitude reference for the nodel s*/
/ *E4401B, E4411B and E7401A¢/
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viPrintf(vi ESA ": D SP: WND TRAC Y: RLEV -25 DBM n");

vi Printf(vi ESA "CAL: SOUR STAT ON \n");

}

el se

{

/* For the analyzers having frequency linits >= 3GH, pronpt the user*/
/* to connect the anplitude reference output to the input*/

printf ("Connect AMPTD REF QUT to the INPUT \n");

printf ("...... Press Return to continue \n");

scanf( "9%", &Enter);

/*Externally route the 50M& Signal */
viPrintf(viESA ":D SP: WND TRAC Y: RLEV -20 DBM n");
vi Printf(vi ESA "CAL: SOUR STAT ON \n");

}
/* Single sweep node */
ViPrintf(viESA ":INT: QONT CFR\n");
/* Turn off the local display to naxi nize measurenent rate */
i f(!D SPLAY) {
viPrintf(viESA ":D SP.ENAB CFR\n");
}
/* transfer data in definite length,32 bit integer bl ocks. Select */
/* machine units (nmlli-dBm to maxi m ze neasurement rate */
vi Printf(vi ESA ":FORM DATA I NT, 32\n" );
/* select the byte order; lowbyte first for Intel platforns */
/* To further increase nmeasurenent rate, : FORM BORD NCRM coul d */
/* be used instead. The byte ordering would then need to be */
/* done within this program */
viPrintf(vi ESA ":FORM BORD SWAP\n");
/* pre-cal cul ate amount of data to be transferred per measuremnent */
i TernLength = 1;
i AirayLength = i NunPoi nts * DATA LENGTH
i Header Lengt h = Header Lengt h(i ArraylLengt h); ;—9
i Bl ockSi ze = i HeaderLength + i ArrayLength + i Ter nLengt h; %
g
} =
(o]
m
/**************** WI te bl nary trace data to ESA *******************/ ;<)
void wite binary _trace(char *cScpi Command, int *ipTraceDat a) { _g
@
(7]
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/* trace data rmust point to an integer array of size NUM PQA NTS */
mentpy( & Qut Buf fer[strl en(cScpi Command)], ipTraceData, i ArraylLength);
mencpy( & Qut Buf fer, cScpi Conmand, strlen(cScpi Command));

/* Add a <newline>to the end of the data, This isn't necessary */
/* if the GPIB card has been configured to assert EQ when the | ast */
/* character is sent, but it ensures a valid i TermLength is provided. */

cQutBuffer[i ArrayLength + strlen(cScpi Command)] = OxO0A;
i Bl ockSi ze = (strlen(cScpi Conmand) + i ArraylLength + 1);
vi Wite(vi ESA (Vi Buf) cQutBuffer, iBl ockSize, & RetCount );

T Measure and cal cul ate power-average of multiple neasurenents
*********I

voi d average() {
int i=0, iLoop=0;
int i Array[ NOM PQ NTS] ;

long | Qpc =0L;
doubl e dLogTen

| 0g(10.0);
setup();
i Total Ret Count = | Ret Count = O;

[* start the tiner */
ftime( &start _tine );

/* Now run through the event |oop i Nunfraces times */
for(i=0; i<iNunWraces; i++) {
/* trigger a new measurenent and wait for conplete */

ViPrintf(viESA ":INT:IM*WAI\n");

/* Read the trace data into a buffer */
vi Printf(vi ESA ":TRAC DATA? TRACEI\n");

vi Read(vi ESA, (Vi Buf) clnBuffer, (MiUnt32) iBl ockSize, & RetCount );

i Total Ret Count += | Ret Count ;

0

[3)

g— /* copy trace data to an array, */
o /* byte order swapping could be done here rather than in ESA */
ch» menctpy(i Array, &clnBuffer[iHeaderLength], iArrayLength);

c

E /* cal culate a runni ng dPower - aver age */
g for(iLoop = 0; iLoop < NUMPQA NTS; iLoop++) {

DE_ /* running average of dPower, in nilliwatts */
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dPower = exp( dLogTen * (i Array[iLoop]/10000.0));
if(i >0) {
dPwr AvgArray[i Loop] += ((dPower - dPw AvgArray[iLoop])/(i+1));

}
el se {
dPwr AvgArray[i Loop] = dPower;
}
}
} /* end of event |oop */
/* stop the tinmer */

ftime( &stop_tine );

/* Calculate el apsed tinme */
if (start_time.mllitm> stop_time.mllitn ({
stop_time.mllitm+= 1000;
stop_tinme.tine--;
}
elapsed tine.mllitm= stop tine.nllitm- start tine.nllitm
elapsed tine.tinme = stop_tine.tine - start_tine.ting;

/* This is neasurenent tinme in mlliseconds */
dDelta = (1000.0 * elapsed tine.tine) + (elapsed tine.nllitn);

/* show neasurenent statistics */
dTi mePer=dDel ta/ ((fl oat)i Numifr aces);

printf("\tPower average of %i %i-point traces perforned in %3. 1f
seconds\ n", i NunTr aces, i NunPoi nt s, dDel t a/ 1000) ;

printf("\t%.1f mlliseconds per averaged measurenent\n", dTi mePer);

printf("\t%. 1f averaged neasurenents per second\n", 1000. 0/ dTi mePer) ;

printf("\t% bytes transferred per trace, %i bytes total\n\n", | RetCount,
i Tot al Ret Count) ;

return;

/******************************** |Va| n ******************************/
void main(void) {

int iLoop;

int i AvgArray[ NUM PQA NTS] ;

Vi Status vi St at us;

/* Qpen a GPIB session at address 18 */
vi Status = vi QpenDef aul t RV &lef aul t RV) ;

vi Status = vi Qpen(defaul t RM "GPl BO: : 18", VI _NULL, VI _NULL, &vi ESA) ;

i f(viStatus)

{
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printf("Could not open a session to GPI B device at address 18!\n");
exit(0);

/*d ear the |nstrunent */
vi A ear (vi ESA);

/* go to known instrument state with cleared status byte */
vi Printf(vi ESA ":SYST: PRES: TYPE FACT; *RST\n");

/* measure, transfer and cal cul ate power average of multiple traces */
aver age();
/* convert average power array back to integer array */

for (iLoop = 0; iLoop < iNunPoints; iLoop++) {
dPower 10.0 * | 0g10( dPw AvgArray[i Loop]);
i AvgArray[iLoop] = (int) (1000.0 * dPower);

/* build ' TRAC DATA TRACE2, #nyyy' header and wite the result to Trace 2 */

sprintf(cCommand, ": TRAC DATA TRACE2, #% % ", Header Lengt h(i ArraylLength)- 2,
i ArraylLength);
wite_binary trace(cCommand, iAvgArray);

/* enable the trace, local display and return to continuous sweep */
vi Printf(vi ESA ": TRACE2: MCDE VIEW : DI SP: ENAB O\ : NI T: GONT O\N\Nn");

/* d ose session */

vi d ose(vi ESA);
vi A ose(defaul t RV) ;

} /***************************** End Of Ival n *******************************/
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