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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.

Certification

Agilent Technologies certifies that this product met its published specifications at the time of shipment from
the factory. Agilent Technologies further certifies that its calibration measurements are traceable to the
United States National Institute of Standards and Technology, to the extent allowed by the Institute's
calibration facility, and to the calibration facilities of other International Standards Organization members.

Regulatory Information
The regulatory information is located in Chapter 8 , “Safety and Regulatory Information.”
Warranty

THE MATERIAL CONTAINED IN THIS DOCUMENT IS PROVIDED “AS IS,” AND IS SUBJECT TO BEING CHANGED, WITHOUT
NOTICE, IN FUTURE EDITIONS. FURTHER, TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, AGILENT DISCLAIMS
ALL WARRANTIES, EITHER EXPRESS OR IMPLIED WITH REGARD TO THIS MANUAL AND ANY INFORMATION CONTAINED
HEREIN, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. AGILENT SHALL NOT BE LIABLE FOR ERRORS OR FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES IN
CONNECTION WITH THE FURNISHING, USE OR PERFORMANCE OF THIS DOCUMENT OR ANY INFORMATION CONTAINED
HEREIN. SHOULD AGILENT AND THE USER HAVE A SEPARATE WRITTEN AGREEMENT WITH WARRANTY TERMS COVERING THE
MATERIAL IN THIS DOCUMENT THAT CONFLICT WITH THESE TERMS, THE WARRANTY TERMS IN THE SEPARATE AGREEMENT
WILL CONTROL.

Assistance

Product maintenance agreements and other customer assistance agreements are available for Agilent
Technologies products. For any assistance, contact your nearest Agilent Technologies sales or service
office. See Table 8-1 for the nearest office.




Safety Notes

The following safety notes are used throughout this manual. Familiarize yourself with each of the notes and
its meaning before operating this instrument. All pertinent safety notes for using this product are located in
Chapter 8, “Safety and Regulatory Information.”

WARNING 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  Caution denotes a hazard. It calls attention to a procedure that, if not correctly performed or
adhered to, would 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.

How to Use This Guide

This guide uses the following conventions:

((Front-Panel Key) This represents a key physically located on the instrument.

SOFTKEY This represents a “softkey,” a key whose label is determined by the
instrument’s firmware.

Screen Text This represents text displayed on the instrument’s screen.




Documentation Map

The Installation and Quick Start Guide provides procedures for installing,
configuring, and verifying the operation of the analyzer. It also will help you
familiarize yourself with the basic operation of the analyzer.

The User’s Guide shows how to make measurements, explains commonly-used
features, and tells you how to get the most performance from your analyzer.

The Reference Guide provides reference information, such as specifications, menu
maps, and key definitions.

The Programmer’s Guide provides general GPIB programming information, a
command reference, and example programs. The Programmer’s Guide contains a
CD-ROM with example programs.

The CD-ROM provides the Installation and Quick Start Guide, the User’s Guide, the
Reference Guide, and the Programmer’s Guide in PDF format for viewing or printing
from a PC.

The Service Guide provides information on calibrating, troubleshooting, and

servicing your analyzer. The Service Guide is not part of a standard shipment and is
available only as Option 0BW, or by ordering Part number 08753-90484. A CD-ROM
with the Service Guide in PDF format is included for viewing or printing from a PC.
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Making Measurements
Using This Chapter

Using This Chapter

This chapter contains the following example procedures for making measurements. Mixer and time domain
measurements are covered in Chapter 2, "Making Mixer Measurements" and Chapter 3, “Making Time
Domain Measurements.” This chapter also describes how to use most display, marker, and sequencing
functions.

» "Making a Basic Measurement" on page 1-4
* "Measuring Magnitude and Insertion Phase Response" on page 1-7

»  "Measuring Electrical Length and Phase Distortion" on page 1-43

— Electrical Length

— Phase Distortion (deviation from linear phase, group delay)
+ Characterizing a Duplexer (ES Analyzers Only)
+  "Measuring Amplifiers" on page 1-52

— Measuring Harmonics (Option 002 Only)

— Measuring Gain Compression

— Measuring Gain Compression and Reverse Isolation Simultaneously
(ES Analyzers Only)

— Making High Power Measurements (ES Analyzers Only)
* "Using the Swept List Mode to Test a Device" on page 1-69
*  "Using Limit Lines to Test a Device" on page 1-74
* "Using Test Sequencing to Test a Device" on page 1-115
+ "Single Connection Multiple Measurement Configuration (Option 014 Only)" on page 1-121
The following chapters describe how to use more instrument functions (as indicated by their chapter titles):
* Chapter 4, "Printing, Plotting, and Saving Measurement Results"
» Chapter b, "Optimizing Measurement Results"

+ Chapter 6, "Calibrating for Increased Measurement Accuracy"
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More Instrument Functions Not Described in This Guide

To learn about instrument functions not covered in this user’s guide, refer to the following chapters in the
reference guide.

“Menu Maps” contains maps of the instrument menu structure.

“Hardkey/Softkey Reference” contains descriptions of all instrument functions.
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Making a Basic Measurement
There are five basic steps when you are making a measurement.

1. Connect the device under test and any required test equipment.

CAUTION  Damage may result to the device under test (DUT) if it is sensitive to the analyzer's default
output power level. To avoid damaging a sensitive DUT, be sure to lower the output power
before connecting the DUT to the analyzer.

2. Choose the measurement parameters.

3. Perform and apply the appropriate error-correction.
4. Measure the device under test (DUT).

5. Output the measurement results.

This example procedure shows you how to measure the transmission response of a bandpass filter.

Step 1. Connect the device under test and any required test equipment.

Make the connections as shown in Figure 1-1.

Figure 1-1 Basic Measurement Setup
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Step 2. Choose the measurement parameters.

Press (Preset).

To set preset the analyzer to the “Factory Preset” conditions, press the PRESET: FACTORY
softkey if it is not selected. Then press (Preset).
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Setting the Frequency Range

To set the center frequency to 134 MHz, press:

(Center ) (134 ) (M/u)

To set the span to 30 MHz, press:

(Span) (30 ) (M/w)

NOTE You could also press the (Start ) and (Stop ) keys and enter the frequency range limits as
start frequency and stop frequency values.

Setting the Source Power

To change the power level to —5 dBm, press:

(Power) (=5 ) (x1)
NOTE You could also press POWER RANGE MAN POWER RANGES and select one of

the power ranges to keep the power setting within the defined range.

Setting the Measurement

To change the number of measurement data points to 101, press:

NUMBER OF POINTS

To select the transmission measurement, press:

Trans: FWD S21 (B/R) or on ET models: TRANSMISSN

To view the data trace, press:

Scale Ref ) AUTOSCALE

Step 3. Perform and apply the appropriate error-correction.

Refer to the Chapter 5, “Optimizing Measurement Results,” for procedures on correcting measurement
errors.

To save the instrument state and error-correction in the analyzer internal memory, press:

Save/Recall ) SELECT DISK INTERNAL MEMORY RETURN SAVE STATE

Step 4. Measure the device under test.

Replace any standard used for error-correction with the device under test.

To measure the insertion loss of the bandpass filter, press:

(Marker Search ) SEARCH: MAX
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Step 5. Output the measurement results.
To create a printed copy of the measurement results, press:

PRINT MONOCHROME (or PLOT )

Refer to Chapter 4, “Printing, Plotting, and Saving Measurement Results,” for procedures on how to set
up a printer and define a print, plot, or save results.
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Measuring Magnitude and Insertion Phase Response

This measurement example shows you how to measure the maximum amplitude of a surface acoustic wave
(SAW) filter and then how to view the measurement data in the phase format, which provides information
about the phase response.

Measuring the Magnitude Response

1. Connect your test device as shown in Figure 1-2.

Figure 1-2 Device Connections for Measuring a Magnitude Response
NETWORK ANALYZER
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2. Press and choose the measurement settings. For this example the measurement parameters
are set as follows:

Trans:FWD S21 (B/R) or on ET models: TRANSMISSN

(Center ) (134 ) (M/n)

(Span) (50 ) (M/u)

(Power) (=3 ) (x1)
Scale Ref ) AUTO SCALE

Trans:FWD S21 (B/R) or on ET models: TRANSMISSN
Scale Ref ) AUTO SCALE
You may also want to select settings for the number of data points, averaging, and IF bandwidth.

3. Remove the device and connect the power cables together (thru) and perform a response calibration
using the following key presses.

Press CALIBRATE MENU RESPONSE  THRU

If the channels are coupled (the default condition), this calibration is valid for both channels.
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4. Reconnect your test device.
5. To better view the measurement trace, press:

Scale Ref ) AUTO SCALE

6. To locate the maximum amplitude of the device response, as shown in Figure 1-3, press:

(Marker Search ) SEARCH: MAX

Figure 1-3 Example Magnitude Response Measurement Results
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Measuring Insertion Phase Response

7. To view both the magnitude and phase response of the device, as shown in Figure 1-4, press:

DUAL | QUAD SETUP DUAL CHAN ON
PHASE

The channel 2 portion of Figure 1-4 shows the insertion phase response of the device under test. The
analyzer measures and displays phase over the range of —180° to +180°. As phase changes beyond these
values, a sharp 360° transition occurs in the displayed data.
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Figure 1-4 Example Insertion Phase Response Measurement
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The phase response shown in Figure 1-5 is undersampled; that is, there is more than 180° phase delay
between frequency points. If the A® > 180°, incorrect phase and delay information may result. Figure 1-5
shows an example of phase samples being with

AD less than 180° and greater than 180°.

Figure 1-5 Phase Samples

AQ = -90° AD = 200° AQG = 170°
—

ACTUAL PHASE ———— ™
RESPONSE

UNDER SAMPLED REGION
(INCORRECT PHASE AND DELAY)

pb6125d

Undersampling may arise when measuring devices with long electrical length. To correct this problem, the
frequency span should be reduced, or the number of points increased until AD is less than 180° per point.
Electrical delay may also be used to compensate for this effect (as shown in the next example procedure).
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Using Display Functions

This section provides the necessary information for using the display functions. These functions are very
helpful for displaying measurement data so that it will be easy to read. This section covers the following
topics:

* Adding titles to your measurements

* Viewing both primary channels at the same time

* Viewing and customizing four-channel measurements
* Using the memory traces

» Using the memory math functions

» Blanking the analyzer’s display

+ Changing the colors of the display
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Titling the Active Channel Display

1. Press MORE  TITLE  to access the title menu.
2. Press ERASETITLE and enter the title you want for your measurement display.

+ Ifyou have a DIN keyboard attached to the analyzer, type the title you want from the keyboard. Then
press ENTER to enter the title into the analyzer. You can enter a title that has a maximum of 50
characters. (For more information on using a keyboard with the analyzer, refer to the “Options and
Accessories” chapter in the reference guide.)

+ Ifyou do not have a DIN keyboard attached to the analyzer, enter the title from the analyzer front
panel.

a. Turn the front panel knob to move the arrow pointer to the first character of the title.

b. Press SELECT LETTER

c. Repeatthe previous two steps to enter the rest of the characters in your title. You can enter a title
that has a maximum of 50 characters.

d. Press DONE to complete the title entry.

Figure 1-6 Example of a Display Title
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CAUTION  The NEWLINE and FORMFEED keys are not intended for creating display titles.
Those keys are for creating commands to send to peripherals during a sequence program.
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Viewing Both Primary Measurement Channels

In some cases, you may want to view more than one measured parameter at a time. Simultaneous gain and
phase measurements, for example, are useful in evaluating stability in negative feedback amplifiers. You can
easily make such measurements using the dual channel display.

1. To see channels 1 and 2 in the same grid, press:

DUAL | QUAD SETUP , set DUAL CHAN on OFF to ON, and SPLIT DISP to
1X.

Figure 1-7 Example of Viewing Channel 1 and 2 Simultaneously
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2. Toview the measurements on separate graticules, press: Set SPLIT DISP to 2X. The analyzer shows
channel 1 on the upper half of the display and channel 2 on the lower half of the display. The analyzer
defaults to measuring S;; on channel 1 and S,; on channel 2.
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Figure 1-8 Example Dual Channel with Split Display On
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3. To return to a single-graticule display, press: SPLIT DISPLAY 1X
NOTE You can control the stimulus functions of the two channels independent of each other by

pressing COUPLED CH OFF

Dual Channel Mode with Decoupled Stimulus

The stimulus functions of the two channels can be controlled independently using

COUPLED CH ON off

for each channel using MARKERS: UNCOUPLED

key.

in the stimulus menu. In addition, the markers can be controlled independently

in the marker mode menu, under the

NOTE ES models only: For dual channel, if channels are uncoupled and you have full 2-port
calibrations on both channels, you will not be able to select a non-ratioed measurement. For
example, you can measure Sy or B/R, but not input B.

NOTE Auxiliary channels 3 and 4 are permanently coupled by stimulus to primary channels 1 and 2,
respectively. Decoupling the primary channels’ stimulus from each other does not affect the
stimulus coupling between the auxiliary channels and their primary channels.
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Dual Channel Mode with Decoupled Channel Power

By decoupling the channel power or port power and using the dual channel mode, you can simultaneously
view two measurements (or two sets of measurements, if both auxiliary channels are enabled) having
different power levels.

However, there are situations where the analyzer will not update all measurements continuously. For
analyzers with source attenuators, such situations occur if channel 1 requires one attenuation value and
channel 2 requires a different value, or if 2-port cal is active and the port 1 attenuation value is not equal to
the attenuation value of port 2. Since one attenuator is used for both measurements, this would cause the
attenuator to continuously switch power ranges, which is not allowed.

If one of these conditions exist, the test set hold mode will engage, and the status notation tsH will appear
on the left side of the screen. The hold mode leaves the measurement function in only one of the two

measurement paths. To update both measurements, press MEASURE RESTART
Refer to "Source Attenuator Switch Protection” on page 7-14.

Viewing Four Measurement Channels

Four measurement channels can be viewed simultaneously by enabling auxiliary channels 3 and 4. Although
independent of other channels in most variables, channels 3 and 4 are permanently coupled to channels 1
and 2 respectively by stimulus. That is, if channel 1 is set for a center frequency of 200 MHz and a span of 50
MHz, channel 3 will have the same stimulus values.

NOTE Channels 1 and 2 are referred to as primary channels and channels 3 and 4 are referred to as
auxiliary channels.

Channel 3 or 4 are activated when the Chan 3 or Chan 4 keys are pressed. Alternatively, you can enable the

auxiliary setting AUX CHAN to ON. For example, if channel 1 is active, pressing AUX CHAN to ON
enables channel 3 and its trace appears on the display. Channel 4 is similarly enabled and viewed when
channel 2 is active.

1. Press to select the type of display of the data. This example uses the log mag format.
2. If channel 1 is not active, make it active by pressing (Chan 1).

3. Press DUAL | QUAD SETUP , set DUAL CHAN to ON, set AUX CHAN to ON,
and set SPLIT DISP to 4X .

The display will appear as shown in Figure 1-9. Channel 1 is in the upper-left quadrant of the display,
channel 2 is in the upper-right quadrant, and channel 3 is in the lower half of the display.
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Figure 1-9 Three-Channel Display
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4. Press Chan 4 (or press (Chan 2 ), set AUX CHAN to ON).

This enables channel 4 and the screen now displays four separate grids as shown in Figure 1-10.
Channel 4 is in the lower-right quadrant of the screen.
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Figure 1-10 Four-Channel Display
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5. Press (Chan 4).

Observe that the amber LED adjacent to the key is lit and the CH4 indicator on the display has
a box around it. This indicates that channel 4 is now active and can be configured.

6. Press MARKER1  MARKER 2

Markers 1 and 2 appear on all four channel traces. Rotating the front panel control knob moves marker 2
on all four channel traces. Note that the active function, in this case the marker frequency, is the same
color and in the same grid as the active channel (channel 4).

7. Press (Chan 3).

Observe that the amber LED adjacent to the key is lit. This indicates that channel 3 is now
active and can be configured.

8. Rotate the front panel control knob and notice that marker 2 still moves on all four channel traces.
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9. To independently control the channel markers:

Press MARKER MODE MENU

; set MARKERS:
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Using Display Functions

Rotate the front panel control knob. Marker 2 moves only on the channel 3 trace.

Once made active, a channel can be configured independently of the other channels in most variables
except stimulus. For example, once channel 3 is active, you can change its format to a Smith chart by

pressing SMITH CHART

Customizing the Four-Channel Display

When one or both auxiliary channels are enabled, DUAL CHAN on OFF and

SPLIT DISP 1X 2X 4X interact to produce different display configurations according to Table 1-1.
Table 1-1 Customizing the Display

Split Display Dual Channel Aux ChannelsOn | Number of Graticules

1X Don't Care Don't Care 1

1X/2X/4X Off None

2X/4X Off 3ord 2

2X On Don't Care

4x On 3ord 3

4x On Both on 4

to UNCOUPLED.

Channel Position Softkey

gives you options for arranging the display of the channels. Press (Display ).
to use CHANNEL POSITION

CHANNEL POSITION
DUAL | QUAD SETUP

CHANNEL POSITION works with SPLIT DISP 1X 2X 4X . When SPLIT DISP 2X is
selected, CHANNEL POSITION gives you two choices for a two-graticule display:

« Channels 1 and 2 overlaid in the top graticule, and channels 3 and 4 are overlaid in the bottom graticule.

« Channels 1 and 3 are overlaid in the top graticule, and channels 2 and 4 are overlaid in the bottom
graticule.

is selected, CHANNEL POSITION gives you two choices for a

When SPLIT DISP 4X
four-graticule display:

« Channels 1 and 2 are in separate graticules in the upper half of the display, channels 3 and 4 are in
separate graticules in the lower half of the display.

» Channels 1 and 3 are in the upper half of the display, channels 2 and 4 are in the lower half of the display.

4 Param Displays Softkey

The 4 PARAM DISPLAYS menu does two things:
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» provides a quick way to set up a four-parameter display

« gives information for using softkeys in the menu

Figure 1-11 shows the first 4 PARAM DISPLAYS screen. Six setup options are described with softkeys
SETUPA through SETUPF . SETUPA is a four-parameter display where each channel is
displayed on its own grid. Pressing SETUP A immediately produces a four-grid, four-parameter display.
SETUPB is also a four-parameter display, except that channel 1 and channel 2 are overlaid on the upper
grid and channel 3 and channel 4 are overlaid on the lower grid. The other setup softkeys operate similarly.
Notice that setups D and F produce displays which include Smith charts.

Pressing TUTORIAL opens a screen which lists the order of keystrokes you would have to enter in order
to create some of the setups without using one of the setup softkeys. The keystroke entries are listed (from
top to bottom) beneath each setup and are color-coded to show the relationship between the keys and the
channels. For example, beneath the four-grid display, [CHAN 1] and [MEAS] S11 are shown in yellow. Notice
that in the four-grid graphic, Ch1 is also yellow, indicating that the keys in yellow apply to channel 1.

Pressing MORE HELP opens a screen which lists the hardkeys and softkeys associated with the
auxiliary channels and setting up multiple-channel, multiple-grid displays. Next to each key is a description
of its function.

Figure 1-11 4 Param Displays Menu
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Using Memory Traces and Memory Math Functions

The analyzer has four available memory traces, one per channel. Memory traces are totally channel
dependent: channel 1 cannot access the channel 2 memory trace or vice versa. Memory traces can be saved
with instrument states: one memory trace can be saved per channel for each saved instrument state. There
are up to 31 save/recall registers available, so the total number of memory traces that can be presentis 128
including the four active for the current instrument state. The memory data is stored as full precision,
complex data. Memory traces must be displayed in order to be saved with instrument states.

Additional data can be stored onto 3.5-inch floppy disks using the front panel disk drive.

NOTE You may not be able to store 31 instrument states if they include a large amount of
calibration data. The calibration data contributes considerably to the size of the instrument
state file and therefore the available memory may be full prior to filling all 31 registers.

Two trace math operations are implemented:

*  DATA/MEM (data/memory)
*  DATA-MEM (data—memory)

(Note that normalization is DATA/MEM  not DATA-MEM  .) Memory traces are saved and recalled and
trace math is done immediately after error-correction. This means that any data processing done after
error-correction, including parameter conversion, time domain transformation (Option 010), scaling, etc., can
be performed on the memory trace. You can also use trace math as a simple means of error-correction,
although that is not its main purpose.

All data processing operations that occur after trace math, except smoothing and gating, are identical for
the data trace and the memory trace. If smoothing or gating is on when a memory trace is saved, this state is
maintained regardless of the data trace smoothing or gating status. If a memory trace is saved with gating or
smoothing on, these features can be turned on or off in the memory-only display mode.

The actual memory for storing a memory trace is allocated only as needed. The memory trace is cleared on
instrument preset, power on, or instrument state recall.

If sweep mode or sweep range is different between the data and memory traces, trace math is allowed, and
no warning message is displayed. If the number of points in the two traces is different, the memory trace is
not displayed nor rescaled. However, if the number of points for the data trace is changed back to the
number of points in the memory, the memory trace can then be displayed.

If trace math or display memory is requested and no memory trace exists, the message CAUTION: NO
VALID MEMORY TRACE is displayed.

To Save a Data Trace to the Display Memory

Press DATA—MEMORY to store the current active measurement data in the memory of the
active channel. The data trace is now also the memory trace. You can use a memory trace for subsequent
math manipulations.

To View the Measurement Data and Memory Trace

The analyzer default setting shows you the current measurement data for the active channel.

1. To view a data trace that you have already stored to the active channel memory, press:
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MEMORY

This is the only memory display mode where you can change the smoothing and gating of the memory
trace.

2. To view both the memory trace and the current measurement data trace, press:
DATA and MEMORY

To Divide Measurement Data by the Memory Trace

You can use this feature for ratio comparison of two traces, for example, measurements of gain or
attenuation.

1. You must have already stored a data trace to the active channel memory, as described in "To Save a Data
Trace to the Display Memory" on page 1-19.

2. Press DATA/MEM to divide the data by the memory.

The analyzer normalizes the data to the memory, and shows the results.

To Subtract the Memory Trace from the Measurement Data Trace

You can use this feature for storing a measured vector error, for example, directivity. Then, you can later
subtract it from the device measurement.

1. You must have already stored a data trace to the active channel memory, as described in "To Save a Data
Trace to the Display Memory" on page 1-19.

2. Press DATA-MEM to subtract the memory from the measurement data.

The analyzer performs a vector subtraction on the complex data.

To Ratio Measurements in Channel 1 and 2

You may want to use this feature when making amplifier measurements to produce a trace that represents
gain compression. For example, with the channels uncoupled, you can increase the power for channel 2
while channel 1 remains unchanged. This will allow you to observe the gain compression on channel 2.

1. Press COUPLED CH OFF to uncouple the channels.

2. Make sure that both channels must have the same number of points.

3. Press MORE  D2/D1T0 D2 ON to ratio channels 1 and 2, and put the results in the
channel 2 data array. This ratio is applied to the complex data.

4. Referto "Measuring Gain Compression" on page 1-58 for the procedure to identify the 1 dB compression
point.

Blanking the Display

Pressing ADJUST DISPLAY BLANK DISPLAY switches off the analyzer display while
leaving the instrument in its current measurement state. This feature may be helpful in prolonging the life of
the LCD in applications where the analyzer is left unattended (such as in an automated test system). Turning
the front panel knob or pressing any front panel key will restore normal display operation.

Pressing FREQUENCY BLANK will blank the displayed frequency notation for security
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purposes. The frequency labels cannot be restored except by instrument preset or turning the power off and
then on.
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Adjusting the Colors of the Display

Setting Display Intensity

To adjust the intensity of the display, press ADJUST DISPLAY INTENSITY and rotate
the front panel knob, use the ((==x)) (=) keys, or use the numerical keypad to set the intensity value

between 50 and 100 percent. Lowering the intensity may prolong the life of the LCD.
Setting Default Colors

To set all the display elements to the factory-defined default colors, press
DEFAULT COLORS

NOTE does not reset or change colors to the default color values. However, cycling
power to the instrument will reset the colors to the default color values.

The Modify Colors Menu

The MODIFY COLORS softkey within the adjust display menu provides access to the modify colors
menu.

The modify colors menu allows you to adjust the colors on your analyzer's display. The default colors in this
instrument were chosen to maximize your ability to discern the difference between the channel colors, and
to comfortably and effectively view the colors. Each channel’s memory trace color was chosen because the
color is similar to the channels data trace color. This allows easy association between the data trace and the
memory trace for each channel.

You may choose to change the default colors to suit environmental needs, individual preferences, or to
accommodate color deficient vision. You can use any of the available colors for any of the display elements
listed:

CH1 DATA/LIMIT LN CH3 DATA/LIMIT LN
CH1 MEM CH3 MEM

CH2 DATA/LIMIT LN CH4 DATA/LIMIT LN
CH2 MEM CH4 MEM
GRATICULE REF LINE

TEXT WARNING

To change the color of a display elements, press the softkey for that element (such as CH1 DATA ). Then

press TINT and turn the analyzer front panel knob; use the step keys or the numeric keypad, until the
desired color appears.

NOTE Maximum viewing with the LCD display is achieved when primary colors or a combination of
them are selected at full brightness (100%). Table 1-2 lists the recommended colors and their

1-22



Making Measurements
Using Display Functions

corresponding tint numbers.

Table 1-2 Display Colors with Maximum Viewing Angle

Display Color Tint Brightness Color
Red 0 100 100
Yellow 17 100 100
Green 33 100 100
Cyan 50 100 100
Blue 67 100 100
Magenta 83 100 100
White N/A 100 0

Color is comprised of three parameters:

+ Tint: The continuum of hues on the color wheel, ranging from red, through green and blue, and back to
red.

* Brightness: A measure of the brightness of the color.
* Color: The degree of whiteness of the color. A scale from white to pure color.

The most frequently occurring color deficiency is the inability to distinguish red, yellow, and green from one
another. Confusion between these colors can usually be eliminated by increasing the brightness between

the colors. To accomplish this, press the BRIGHTNESS softkey and turn the analyzer front panel knob.
If additional adjustment is needed, vary the degree of whiteness of the color. To accomplish this, press the

COLOR softkey and turn the analyzer front panel knob.

NOTE Color changes and adjustments remain in effect until changed again in these menus or the
analyzer is powered off and then on again. Cycling the power changes all color adjustments

to default values. Once the colors are saved, pressing the key does not affect the
color selections.

Saving Modified Colors

To save a modified color set, press SAVE COLORS . Modified colors are not part of a saved instrument
state and are lost unless saved using these softkeys. Once modified colors are saved, they will be the colors

applied until is pushed.

Recalling Modified Colors
To recall the previously saved color set, press RECALL COLORS
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Using Markers

The key displays a movable active marker on the screen and provides access to a series of menus
to control up to five display markers for each channel. Markers are used to obtain numerical readings of
measured values. They also provide capabilities for reducing measurement time by changing stimulus
parameters, searching the trace for specific values, or statistically analyzing part or all of the trace.

Markers have a stimulus value (the x-axis value in a Cartesian format) and a response value (the y-axis value
in a Cartesian format). In polar format, the second part of a complex data pair is also provided as an auxiliary
response value. In Smith chart format, the real and imaginary rectangle are both displayed, and the effective
capacitance or inductance of the imaginary part is also displayed. When a marker is activated and no other
function is active, its stimulus value is displayed in the active entry area and can be controlled with the knob,
the step keys, or the numeric keypad. The active marker can be moved to any point on the trace, and its
response and stimulus values are displayed at the top right corner of the graticule for each displayed
channel, in units appropriate to the display format. The displayed marker response values are valid even
when the measured data is above or below the range displayed on the graticule.

+ If you activate both data and memory traces, the marker values apply to the data trace.
» If you activate only the memory trace, the marker values apply to the memory trace.

» If you activate a memory math function (data/memory or data-memory), the marker values apply to the
trace resulting from the memory math function.

Marker values are normally continuous: that is, they are interpolated between measured points. They can

also be set to read only discrete measured points. Markers normally have the same stimulus values for all

channels, or they can be uncoupled so that each channel has independent markers, regardless of whether
stimulus values are coupled or dual channel display is on.

To Use Continuous and Discrete Markers

The analyzer can either place markers on discrete measured points, or move the markers continuously along
a trace by interpolating the data value between measured points.

* Press MARKER MODE MENU and select one of the following choices:
— Choose MARKERS: CONTINUOUS if you want the analyzer to place markers at any point on

the trace, by interpolating between measured points. This default mode allows you to conveniently
obtain round numbers for the stimulus value.

— Choose MARKERS: DISCRETE if you want the analyzer to place markers only on measured
trace points determined by the stimulus settings. This may be the best mode to use with automated
testing, using a computer or test sequencing because the analyzer does not interpolate between
measured points.
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NOTE Using MARKERS: DISCRETE will also affect marker search and positioning functions
when the value entered in a search or positioning function does not exist as a measurement

point. The marker will be positioned to the closest adjacent point that satisfies the search or
positioning value.

To Activate Display Markers

To switch on marker 1 and make it the active marker, press:
MARKER 1
The active marker is identified on the analyzer display with the following symbol: V

The active marker stimulus value is displayed in the active entry area. You can modify the stimulus value
of the active marker, using the front panel knob or numerical keypad. All of the marker response and
stimulus values are displayed in the upper right corner of the display.

Figure 1-12 Active Marker Control Example
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To switch on the corresponding marker and make it the active marker, press:
MARKER 2 MARKER 3 , MARKER 4 , or MARKER 5

All of the markers, other than the active marker, become inactive and are represented on the analyzer
display as A. The active and inactive markers are shown in Figure 1-13.
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Figure 1-13 Active and Inactive Markers Example
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+ To switch off all of the markers, press ALL OFF

To Move Marker Information Off the Grids

If marker information obscures the display traces, you can turn off the softkey menu and move the marker
information off the display traces and into the softkey menu area. Pressing the backspace key

performs this function. This is a toggle function. Pressing alternately hides and restores the current
softkey menu. The softkey menu is also restored when you press any softkey or a hardkey which leads to a

menu.

1. Set up a four-graticule display as described in "Viewing Four Measurement Channels" on page 1-14.

SPAN

50.000 000 MHz

pa5109e

2. Activate four markers by pressing 1.2 3 4.
NOTE Observe that the markers appear on all of the grids. To activate markers on individual grids,

press MARKER MODE MENU

,and set MARKERS:
UNCOUPLED. Then, activate the channel in which you wish to have markers, press

(Marker), then select the markers for that channel.

3. Turn off the softkey menu and move the marker information off the grids by pressing (+—).

The display will be similar to Figure 1-14.
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Figure 1-14 Marker Information Moved into the Softkey Menu Area
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4. Restore the softkey menu and move the marker information back onto the graticules: Press (+—).
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The display will be similar to Figure 1-15.
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Figure 1-15 Marker Information on the Graticules
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You can also restore the softkey menu by pressing a hardkey which opens a menu (such as (Meas )) or
pressing a softkey.

To Use Delta (A) Markers

This is a relative mode, where the marker values show the position of the active marker relative to the delta
reference marker. You can switch on the delta mode by defining one of the five markers as the delta
reference.

1. Press A MODE MENU AREF=1  to make marker 1 a reference marker.
2. To move marker 1 to any point that you want to reference:

* Turn the front panel knob.
OR

+ Enter the frequency value (relative to the reference marker) on the numeric keypad.

3. Press MARKER 2 and move marker 2 to any position that you want to measure in reference to
marker 1.
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Figure 1-16 Marker 1 as the Reference Marker Example
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4. To change the reference marker to marker 2, press:

A MODE MENU A REF=2

To Activate a Fixed Marker

When a reference marker is fixed, it does not rely on a current trace to maintain its fixed position. This is
convenient when comparing two different measurement conditions. To activate a fixed marker on the

analyzer, press MKR ZERO

Marker zero puts a fixed reference at the current position of the active marker.

To change to a Delta Marker to a fixed reference marker, press A MODE MENU
AREF=AFIXED MKR
Using the MKR ZERO Key to Activate a Fixed Reference Marker

Marker zero enters the position of the active marker as the A reference position. Alternatively, you can

specify the fixed point with FIXED MKR POSITION . Marker zero is canceled by switching delta mode
off.

1. To place marker 1 at a point that you would like to reference, press:

and turn the front panel knob, or enter a value from the front panel keypad.

2. To measure values along the measurement data trace, relative to the reference point that you set in the
previous step, press:

MKR ZERO and turn the front panel knob, or enter a value from the front panel keypad.

3. To move the reference position, press:

AMODE MENU FIXED MKR POSITION FIXED MKR STIMULUS and turn the front
panel knob, or enter a value from the front panel keypad.

1-29



Making Measurements
Using Markers

Figure 1-17 Example of a Fixed Reference Marker Using MKR ZERO
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Using the AREF=AFIXED MKR Key to Activate a Fixed Reference Marker

1. To set the frequency value of a fixed marker that appears on the analyzer display, press:

AMODE MENU AREF=AFIXED MKR AMODE MENU
FIXED MKR POSITION FIXED MKR STIMULUS and turn the front panel knob, or enter a

value from the front panel keypad.
The marker is shown on the display as a small delta (A), smaller thanA the inactive marker triangles.

2. To set the response value (dB) of a fixed marker, press:

FIXED MKR VALUE and turn the front panel knob, or enter a value from the front panel keypad.

In a Cartesian format, the setting is the y-axis value. In polar or Smith chart format, with a
magnitude/phase marker, a real/imaginary marker, an R+jX marker, or a G+jB marker, the setting applies
to the first part of the complex data pair. (Fixed marker response values are always uncoupled in the two
channels.)

3. To set the auxiliary response value of a fixed marker when you are viewing a polar or Smith format, press:

FIXED MKR AUX VALUE and turn the front panel knob, or enter a value from the front panel
keypad.

This value is the second part of complex data pair, and applies to a magnitude/phase marker, a
real/imaginary marker, an R+jX marker, or a G+jB marker. (Fixed marker auxiliary response values are
always uncoupled in the two channels.)
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Figure 1-18 Example of a Fixed Reference Marker Using (A)REF=(A)FIXED MKR
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To Couple and Uncouple Display Markers

At a preset state, the markers have the same stimulus values on each channel, but they can be uncoupled
so that each channel has independent markers.

Press MARKER MODE MENU and select from the following keys:
+ Choose MARKERS: COUPLED if you want the analyzer to couple the marker stimulus values for

the display channels.

Choose MARKERS: UNCOUPLED if you want the analyzer to uncouple the marker stimulus
values for the display channels. This allows you to control the marker stimulus values independently for
each channel.

Figure 1-19 Example of Coupled and Uncoupled Markers
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To Use Polar Format Markers

The analyzer can display the marker value as magnitude and phase, or as a real/imaginary pair:
LIN MKR gives linear magnitude and phase, LOG MKR gives log magnitude and phase, Re/Im
gives the real value first, then the imaginary value.

You can use these markers only when you are viewing a polar display format. (The format is available from

the key.)

NOTE For greater accuracy when using markers in the polar format, it is recommended to activate

the discrete marker mode. Press MKR MODE MENU
MARKERS:DISCRETE

1. To access the polar markers, press:

POLAR MARKER MODE MENU POLAR MKR MENU

2. Select the type of polar marker you want from the following choices:

» Choose LIN MKR if you want to view the magnitude and the phase of the active marker. The
magnitude values appear in units and the phase values appear in degrees.

* Choose LOG MKR if you want to view the logarithmic magnitude and the phase of the active
marker. The magnitude values appear in dB and the phase values appear in degrees.

* Choose Re/Im MKR if you want to view the real and imaginary pair, where the complex data is
separated into its real part and imaginary part. The analyzer shows the real part as the first marker
value (M cos ®), and the second value is the imaginary part (M sin ®, where M = magnitude).

Figure 1-20 Example of a Log Marker in Polar Format
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To Use Smith Chart Markers

For greater accuracy when using markers in the Smith chart format, activate the discrete marker mode.

Press MKR MODE MENU MARKERS:DISCRETE

To use Smith chart format:

Press SMITH CHART

Press MARKER MIODE MENU SMITH MKR MENU and turn the front panel
knob, or enter a value from the front panel keypad to read the resistive and reactive components of the
complex impedance at any point along the trace. This is the default Smith chart marker.

1.
2.

The marker annotation tells that the complex impedance is capacitive in the bottom half of the Smith
chart display and is inductive in the top half of the display.

Choose LIN MKR if you want the analyzer to show the linear magnitude and the phase of the
reflection coefficient at the marker.

Choose LOG MKR if you want the analyzer to show the logarithmic magnitude and the phase of
the reflection coefficient at the active marker. This is useful as a fast method of obtaining a reading of
the log magnitude value without changing to log magnitude format.

Choose Re/Im MKR if you want the analyzer to show the values of the reflection coefficient at
the marker as a real and imaginary pair.

Choose R+jX MKR to show the real and imaginary parts of the device impedance (the series
resistance and reactance, in ohms) at the marker. Also shown is the equivalent series inductance or
capacitance.

Choose G+jBMKR to show the complex admittance values of the active marker in rectangular
form. The active marker values are displayed in terms of conductance (in Siemens), susceptance, and
equivalent parallel circuit capacitance or inductance. Siemens are the international unit of
admittance and are equivalent to mhos (the inverse of ohms).

Figure 1-21 Example of Impedance Smith Chart Markers
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To Set Measurement Parameters Using Markers

The analyzer allows you to set measurement parameters with the markers, without going through the usual
key sequence. You can change certain stimulus and response parameters to make them equal to the current
active marker value.

Setting the Start Frequency

1. Press (Marker Fctn ) and turn the front panel knob, or enter a value from the front panel keypad to
position the marker at the value that you want for the start frequency.

2. Press MARKER—START

Figure 1-22 Example of Setting the Start Frequency Using a Marker
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Setting the Stop Frequency

to change the start frequency value to the value of the active marker.
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1. Press (Marker Fctn ) and turn the front panel knob, or enter a value from the front panel keypad to
position the marker at the value that you want for the stop frequency.

2. Press MARKER—STOP

to change the stop frequency value to the value of the active marker.
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Figure 1-23 Example of Setting the Stop Frequency Using a Marker
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Setting the Center Frequency

1. Press (Marker Fctn ) and turn the front panel knob, or enter a value from the front panel keypad to
position the marker at the value that you want for the center frequency.

2. Press MARKER—CENTER to change the center frequency value to the value of the active marker.

Figure 1-24 Example of Setting the Center Frequency Using a Marker
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Setting the Frequency Span
You can set the span equal to the spacing between two markers. If you set the center frequency before you
set the frequency span, you will have a better view of the area of interest.

1. Press (Marker ) AMODE MENU AREF=1  MARKER 2

2. Turn the front panel knob, or enter a value from the front panel keypad to position the markers where you
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want the frequency span.

Iterate between marker 1 and marker 2 by pressing MARKER 1 and MARKER 2 , respectively,
and turning the front panel knob or entering values from the front panel keypad to position the markers
around the center frequency. When finished positioning the markers, make sure that marker 2 is
selected as the active marker.

NOTE Step 2 can also be performed using MKR ZERO and MARKER 1 . However, when
using this method, it will not be possible to iterate between marker zero and marker 1.

3. Press MARKER—SPAN to change the frequency span to the range between
marker 1 and marker 2.

Figure 1-25 Example of Setting the Frequency Span Using Marker
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Setting the Display Reference Value

1. Press ((Marker Fctn ) and turn the front panel knob, or enter a value from the front panel keypad to
position the marker at the value that you want for the analyzer display reference value.

2. Press MARKER—REFERENCE to change the reference value to the value of the active marker.
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Figure 1-26 Example of Setting the Reference Value Using a Marker
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Setting the Electrical Delay

This feature adds phase delay to a variation in phase versus frequency, therefore it is only applicable for
ratioed inputs.

1. Press (Format) PHASE

2. Press (Marker Fctn ) and turn the front panel knob, or enter a value from the front panel keypad to
position the marker at a point of interest.

3. Press MARKER—DELAY to automatically add or subtract enough line length to the receiver input
to compensate for the phase slope at the active marker position. This effectively flattens the phase trace
around the active marker. You can use this to measure the electrical length or deviation from linear
phase.

Additional electrical delay adjustments are required on devices without constant group delay over the
measured frequency span.

Figure 1-27 Example of Setting the Electrical Delay Using a Marker
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Setting the CW Frequency
1. To place a marker at the desired CW frequency, press:

and either turn the front panel knob or enter the value, followed by a unit terminator.
2. Press SPECIAL FUNCTIONS MKR—>CW

You can use this function to set the marker to a gain peak in an amplifier. After pressing

MKR—CW FREQ , activate a CW frequency power sweep to look at the gain compression with
increasing input power.
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To Search for a Specific Amplitude

These functions place the marker at an amplitude-related point on the trace. If you switch on tracking, the
analyzer searches every new trace for the target point.

Searching for the Maximum Amplitude

1. Press (Marker Search ) to access the marker search menu.

2. Press SEARCH: MAX to move the active marker to the maximum point on the measurement trace.

Figure 1-28 Example of Searching for the Maximum Amplitude Using a Marker
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Searching for the Minimum Amplitude
1. Press (Marker Search ) to access the marker search menu.
2. Press SEARCH: MIN to move the active marker to the minimum point on the measurement trace.
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Figure 1-29  Example of Searching for the Minimum Amplitude Using a Marker
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Searching for a Target Amplitude

1. Press (Marker Search ) to access the marker search menu.

2. Press SEARCH: TARGET to move the active marker to the target point on the measurement trace.

3. Ifyouwant to change the target amplitude value (default is —3 dB), press TARGET and enter the new

value from the front panel keypad. You may also press (Marker Search ) TARGET VALUE to enter
the new value.

4. If you want to search for multiple responses at the target amplitude value, press SEARCH LEFT
and SEARCH RIGHT

Figure 1-30 Example of Searching for a Target Amplitude Using a Marker
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Searching for a Bandwidth

The analyzer can automatically calculate and display the bandwidth (BW:), center frequency (CENT:), Q, and
loss of the device under test at the center frequency. (Q stands for “quality factor,” defined as the ratio of a
circuit's resonant frequency to its bandwidth.) These values are shown in the marker data readout.

1.

Press ( Marker Search ) and SEARCH: MAX to place the marker near the center of the filter
passhand.

Press MKR ZERO if you want the bandwidth relative to the maximum.

Press ( Marker Search ) to access the marker search menu.

Press WIDTHS ON to calculate the center stimulus value, bandwidth, and the Q of a bandpass or
band reject shape on the measurement trace.

If you want to change the amplitude value (default is —3 dB) that defines the passhand or reject band,
press WIDTH VALUE and enter the new value from the front panel keypad.
Figure 1-31 Example of Searching for a Bandwidth Using Markers
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| |

CENTER 134 088 808 MHz SPAM 38 B892 888 MHz
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Tracking the Amplitude that You Are Searching

1.

Set up an amplitude search by following one of the previous procedures in "To Search for a Specific
Amplitude" on page 1-39.

Press (Marker Search ) TRACKING ON to track the specified amplitude search with every new
trace and put the active marker on that point.

When tracking is not activated, the analyzer finds the specified amplitude on the current sweep and the
marker remains at same stimulus value, regardless of changes in the trace response value with
subsequent sweeps.

To Calculate the Statistics of the Measurement Data

This function calculates the mean, standard deviation, and peak-to-peak values of the section of the
displayed trace between the active marker and the delta reference. If there is no delta reference, the
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analyzer calculates the statistics for the entire trace.

1.

Move marker 1 to any point that you want to reference:

» Turn the front panel knob.
OR

* Enter the frequency value on the numeric keypad.

Press A MODE MENU AREF=1  to make marker 1 a reference marker.

Press MARKER 2 and move marker 2 to any position that you want to measure in reference to
marker 1.
Press MKR MODE MENU MKR STATS ON to calculate and view the mean,

standard deviation, and peak-to-peak values of the section of the measurement data between the active
marker and the delta reference marker.

An application for this feature is to find the peak-to-peak value of passbhand ripple without searching
separately for the maximum and minimum values.

If you are viewing a measurement in the polar or Smith Chart format, the analyzer calculates the
statistics using the first value of the complex pair (magnitude, real part, resistance, or conductance).

Figure 1-32 Example Statistics of Measurement Data
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Measuring Electrical Length and Phase Distortion
Electrical Length

The analyzer mathematically implements a function similar to the mechanical “line stretchers” of earlier
analyzers. This feature simulates a variable length lossless transmission line, which you can add to or
remove from the analyzer's receiver input to compensate for interconnecting cables, etc. In this example,
the electronic line stretcher measures the electrical length of a SAW filter.

Phase Distortion

The analyzer allows you to measure the linearity of the phase shift through a device over a range of
frequencies and the analyzer can express it in two different ways:

» deviation from linear phase

» group delay

Measuring Electrical Length

1. Connect your test device as shown in Figure 1-33.

Figure 1-33 Device Connections for Measuring Electrical Length
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2. Press and choose the measurement settings. For this example, the measurement settings
include reducing the frequency span to eliminate under-sampled phase response. Press the following
keys as shown:

Trans:FWD S21 (B/R) or on ET models: TRANSMISSN

(Center) (134 J)(M/u)
(Span) (2 ) (M)
PHASE

AUTO SCALE

You may also want to select settings for the number of data points, averaging, and IF bandwidth.
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3. Substitute a thru for the device and perform a response calibration by pressing:

CALIBRATE MENU RESPONSE THRU
4. Reconnect your test device.

5. To better view the measurement trace, press:

Scale Ref ) AUTO SCALE

Notice that in Figure 1-34 the SAW filter under test has considerable phase shift within only a 2 MHz
span. Other filters may require a wider frequency span to see the effects of phase shift.

The linearly changing phase is due to the device's electrical length. You can measure this changing
phase by adding electrical length (electrical delay) to compensate for it.

Figure 1-34 Linearly Changing Phase
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6. To place a marker at the center of the band, press and turn the front panel knob, or enter a
value from the front panel keypad.

7. To activate the electrical delay function, press MARKER—DELAY

This function calculates and adds in the appropriate electrical delay by taking a £10% span about the
marker, measuring the A®, and computing the delay as the negative of
AD / A frequency.

Alternatively, press (Scale Ref ) ELECTRICAL DELAY and turn the front panel knob to increase
the electrical length until you achieve the best flat line, as shown in Figure 1-35.
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The measurement value that the analyzer displays represents the electrical length of your device relative
to the speed of light in free space. The physical length of your device is related to this value by the
propagation velocity of its medium.

NOTE

Velocity factor is the ratio of the velocity of wave propagation in a coaxial cable to the
velocity of wave propagation in free space. Most cables have a relative velocity of about 0.66
the speed in free space. This velocity depends on the relative permittivity of the cable
dielectric (g,) as

1
Velocity Factor ~ _[
SI'

You could change the velocity factor to compensate for propagation velocity by pressing
MORE  VELOCITY FACTOR (enter the value) (x1). This will allow the
analyzer to accurately display the equivalent distance that corresponds to the entered
electrical delay.

Figure 1-35 Example Best Flat Line with Added Electrical Delay

CH1 Spq phase 100 °/ REF 0 ° 1 -23.203°
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8. To display the electrical length, press (Scale Ref ) ELECTRICAL DELAY

In this example, there is a large amount of electrical delay due to the long electrical length of the SAW
filter under test.

Measuring Phase Distortion

This portion of the example shows you how to measure the linearity of the phase shift over a range of
frequencies. The analyzer allows you to measure this linearity and read it in two different ways: deviation
from linear phase, or group delay.
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Deviation From Linear Phase

By adding electrical length to “flatten out” the phase response, you have removed the linear phase shift
through your device. The deviation from linear phase shift through your device is all that remains.

1. Follow the procedure in "Measuring Electrical Length" on page 1-43.

2. Toincrease the scale resolution, press ( Scale Ref ) SCALE DIV and turn the front panel knob, or
enter a value from the front panel keypad.

3. To use the marker statistics to measure the maximum peak-to-peak deviation from linear phase, press
MKR MODE MENU STATS ON

4. Activate and adjust the electrical delay to obtain a minimum peak-to-peak value.

NOTE It is possible to use delta markers to measure peak-to-peak deviation in only one portion of
the trace. See "To Calculate the Statistics of the Measurement Data" on page 1-41.

Figure 1-36 Deviation from Linear Phase Example Measurement
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Group Delay

The phase linearity of many devices is specified in terms of group or envelope delay. The analyzer can
translate this information into a related parameter, group delay. Group delay is the transmission time
through your device under test as a function of frequency. Mathematically, it is the derivative of the phase
response which can be approximated by the following ratio:

—A®D /(360 x AD)

where A® is the difference in phase at two frequencies separated by AF. The quantity AF is commonly called
the “aperture” of the measurement. The analyzer calculates group delay from its phase response
measurements.

The default aperture is the total frequency span divided by the number of points across the display (i.e. 201
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points or 0.5% of the total span in this example).

1. Continue with the same instrument settings and measurements as in the previous procedure, “Deviation
From Linear Phase.”

2. To view the measurement in delay format, as shown in Figure 1-37, press:

DELAY SCALEDIV () ()

3. To activate a marker to measure the group delay at a particular frequency, press and turn the
front panel knob, or enter a value from the front panel keypad.

Figure 1-37 Group Delay Example Measurement

CHL Spy  dalay 50 nss REF @ s
e
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Group delay measurements may require a specific aperture (A)F) or frequency spacing between
measurement points. The phase shift between two adjacent frequency points must be less than 180°,
otherwise incorrect group delay information may result.

4. To vary the effective group delay aperture from minimum aperture (no smoothing) to approximately 1% of
the frequency span, press: SMOOTHING ON

When you increase the aperture, the analyzer removes fine grain variations from the response. It is
critical that you specify the group delay aperture when you compare group delay measurements.
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Figure 1-38 Group Delay Example Measurement with Smoothing
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5. Toincrease the effective group delay aperture, by increasing the number of measurement points over
which the analyzer calculates the group delay, press:

SMOOTHING APERTURE

As the aperture is increased the “smoothness” of the trace improves markedly, but at the expense of
measurement detail.

Figure 1-39 Group Delay Example Measurement with Smoothing Aperture Increased

CHL Sp; delay 59 ns. REF @ s
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Cor
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Smo | 110] kHz
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Group delay is calculated by dividing the phase difference between points by the frequency spacing. Thus, if
n equals the number of points, the number of phase difference values (or frequency segments) will be n—1.
The first data point is repeated so that the total number of points remains n.
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Characterizing a Duplexer (ES Analyzers Only)

This measurement example demonstrates how to characterize a 3-port device, in this case a duplexer, using
four-parameter display mode. You must use a test adapter or a special

3-port test adapter to route the signals from the analyzer (a two-port instrument) to the duplexer (a
three-port device). This example procedure is performed using one of the following test adapters:

(1 8753D Option K36 Duplexer Test Adapter
[ 8753D Option K39 3-Port Test Adapter
[ 8753ES Option H39 3-Port Test Adapter (use the same instructions as those for K39 mode)

Definitions

The following abbreviations are used in reference to a duplexer:

Tx Transmitter port
Ant Antenna port
Rx Receiver port
Procedure

1. Press (Preset).

2. Connect the test adapter to the analyzer according to the instructions for your particular model. Connect
any test fixture or cables to the duplexer test adapter. Refer to Figure 1-40.

Figure 1-40 Duplexer Connections

NETWORK Testset I/O \
ANALYZER [
® @
@ ©
Test Adapter TX  Ant RX |le /
@ ,—@ ?
©ORX
@ €
Ant TX
Duplexer -]
.

paSte

3. Setup channel 1 for the Tx-Ant stimulus parameters (start/stop frequency, power level, IF bandwidth). In
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this example, a wide frequency range that covers both the Tx-Ant and Ant-Rx parameters has been
chosen.

4. Uncouple the primary channels from each other and then press and toggle
COUPLED CH on OFF to OFF

5. Press CONFIGURE MENU USER SETTINGS
6. Set up the desired mode.

+  For K36 mode, toggle K36 MODE on OFF to ON. Then, press SELECT [TX-ANT]
+  For K39 mode, toggle K39 MODE on OFF to ON. Then, press

SELECT PORTS [1-3]

7. Perform a full two-port calibration on channel 1 (refer to Chapter 6, “Calibrating for Increased
Measurement Accuracy,” if necessary).

NOTE Make sure you connect the standards to the Tx port of the test adapter (or a cable attached
to it) for FORWARD calibrations, and to the Ant port for REVERSE calibrations.

8. Save the instrument state by pressing (Save/Recall) SAVE STATE
9. Press(Chan 2).

10. Set up channel 2 for the Ant-Rx stimulus parameters. In this example, a wide frequency range that
covers both the Tx-Ant and Ant-Rx parameters has been chosen.

11. Set up control of the test adapter so that channels 2 and 4 are Rx:
+  For K36 mode, press SELECT [RX-ANT]
+ For K39 mode, press SELECT PORTS [2-3]

12. Perform a full two-port calibration on channel 2.

NOTE Make sure you connect the standards to the Rx port of the test adapter (or a cable attached
to it) for FORWARD calibrations, and to the Ant port for REVERSE calibrations.

13. Save this state in the analyzer:
Press (Save/Recall) SAVE STATE
14. Connect the duplexer to the test adapter.

15. Set up a 2-graticule, 4-parameter display with transmission measurements on the top graticule and
reflection measurements on the bottom graticule:

Press DUAL| QUAD SETUP 4-PARAM DISPLAYS SETUP B
Trans: REV $12 (A/R)

Refl: REV S22 (B/R) Trans:FWD S21 (B/R)
Refl: FWD S11 (A/R) , then set DUAL CHAN on OFF to ON

The display will be similar to Figure 1-41.
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Figure 1-41 Duplexer Measurement
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Normally, a 2-port calibration requires a forward and reverse sweep to complete before the displayed trace
updates. For faster tuning, it is possible to set the number of sweeps for the active display channel (S;; and

Sy for channel 1 in this case) to update more often than the inactive display channel. In this example we

choose 8 updates of the forward parameters to 1 update of the reverse in channel 1, and 8 updates of the
reverse to 1 update of the forward in channel 2 (where the active parameters are Sy; and Sq5).

Press (Chan 1) (System ) CONFIGURE MENU TESTSET SW CONTINUOUS GD.
Press (Chan 2) (System) CONFIGURE MENU TESTSET SW CONTINUOUS D).
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Measuring Amplifiers

The analyzer allows you to measure the transmission and reflection characteristics of many amplifiers and
active devices. You can measure scalar parameters such as gain, gain flatness, gain compression, reverse
isolation, return loss (SWR), and gain drift versus time. Additionally, you can measure vector parameters
such as deviation from linear phase, group delay, complex impedance and AM-to-PM conversion. You can
also make high power measurements.

Figure 1-42 Amplifier Parameters
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When you are measuring a device that is very sensitive to absolute power level, it is important that you
accurately set the power level at either the device input or output. The analyzer is capable of using an
external GPIB power meter and controlling source power directly. Refer to Chapter 6, "Calibrating for
Increased Measurement Accuracy" for information on power meter calibration.

This section contains the following measurement examples:
»  "Measuring Harmonics (Option 002)" on page 1-53

*  "Measuring Gain Compression" on page 1-58

* Measuring Gain and Reverse Isolation Simultaneously

» Making High Power Measurements

— Option 014 Configuration
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The analyzer has the capability of measuring swept second and third harmonics as a function of frequency
in a real-time manner. By using trace math, the second/third harmonic response can be displayed directly in
dBc (dB below the fundamental or carrier). The ability to display harmonic level versus frequency or RF

power allows “real-time” tuning of harmonic distortion.

Figure 1-43 Absolute Fundamental, 2nd, and 3rd Harmonic Output Levels
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Figure 1-44 2nd and 3rd Harmonic Distortion in dBc
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Making Harmonic Measurements

Perform the following steps to display the absolute power of the fundamental and second harmonic in dBm.

1.

© o N

Press (Chan 1) (Meas ) INPUT PORTS B to measure the power for the fundamental
frequencies.

Press (Chan 2 ) (Meas ) INPUT PORTS B to measure the power for the harmonic frequencies.
Set the start frequency to a value greater than 16 MHz.

Press and select COUPLED CH OFF . Uncoupling the channels allows you to
have the separate sweeps necessary for measuring the fundamental and harmonic frequencies.

Press and select CHAN POWER [COUPLED] . Coupling the channel power allows you
to maintain the same fundamental frequency power level for both channels.

Press and set the power level for both channels.

Press DUAL | QUAD SETUP and select DUAL CHAN ON
Press and position marker to desired frequency.
Press HARMONIC MEAS SECOND . You can view both the fundamental power and

harmonic power levels at the same time. (Refer to Figure 1-45.)

Figure 1-45 Fundamental and 2nd Harmonic Power Levels in dBm
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To show the second harmonic's power level relative to the fundamental power in dBc, press

MORE  and select D2/D1toD20N . This display mode lets you see the relationship
between the fundamental and second or third harmonic in dBc. (Refer to Figure 1-46.)

Figure 1-46 2nd Harmonic Power Level in dBc
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Additional Harmonic Measurements

Vector network analyzers are commonly used to characterize amplifier gain compression versus frequency
and power level. This is essentially linear characterization since only the relative level of the fundamental
input to the fundamental output is measured. The narrow band receiver is tuned to a precise frequency and,
as a result, is immune from harmonic distortion. You may want to quantify the harmonic distortion itself.
Figure 1-47 illustrates a simultaneous measurement of fundamental gain compression and second harmonic
power as a function of input power.
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Figure 1-47 Gain Compression and 2nd Harmonic Output Level
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Understanding Harmonic Operation

Single-Channel Operation You can view the second or third harmonic alone by using only one of the
analyzer's channels.

Dual-Channel Operation To make the following types of measurements, uncouple channels 1 and 2, and
switch on dual channel.

The analyzer measures the fundamental on one channel while measuring the second or third harmonic
on the other channel.

The analyzer measures the second harmonic on one channel while measuring the third harmonic on the
other channel.

Using the COUPLED PWR ON off feature, the analyzer measures the fundamental on channel 1
while measuring the second or third harmonic in dBc on channel 2.

Using the COUPLED PWR ON off feature, the analyzer couples power between channels 1 and 2.
This is useful when you are using the D2/D1 to D2 feature because you can change fundamental power
and see the resultant change in the harmonic power.

The analyzer shows the fundamental frequency value on the display. However, a marker in the active entry
area shows the harmonic frequency in addition to the fundamental. If you use the harmonic mode, the
annotation H=2 or H=3 appears on the left-hand side of the display. The measured harmonic cannot not
exceed the frequency limitations of the network analyzer's receiver.
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Coupling Power Between Channels 1 and 2 COUPLED PWR ON off is intended to be used with the

D2/D1 toD2 on OFF softkey. You can use the D2/D1 to D2 function in harmonic measurements, where
the analyzer shows the fundamental on channel 1 and the harmonic on channel 2. D2/D1 to D2 ratios the
two, showing the fundamental and the relative power of the measured harmonic in dBc. You must uncouple
channels 1 and 2 for this measurement, using the COUPLED CHAN ON off softkey set to OFF to
allow alternating sweeps.

After uncoupling channels 1 and 2, you may want to change the fundamental power and see the resultant

change in relative harmonic power (in dBc). COUPLED PWR ON off allows you to change the power of
both channels simultaneously, even though they are uncoupled in all other respects.

Frequency Range The frequency range is determined by the upper frequency range of the instrument or
system (3 or 6 GHz) and by the harmonic being displayed. The 6 GHz operation requires an 8753ET/ES
Option 006. Table 1-3 shows the highest fundamental frequency for maximum frequency and harmonic
mode.

Table 1-3 Maximum Fundamental Frequency using Harmonic Mode

Maximum Fundamental Frequency
Harmonic
Measured 8753ET/ES 8753ET/ES
Option 006
3GHz 6 GHz
2nd Harmonic 1.5 GHz 3.0 GHz
3rd Harmonic 1.0 GHz 2.0 GHz

Accuracy and input power Refer to the “Specifications and Characteristics” chapter in the reference
guide. The maximum recommended input power and maximum recommended source power are related
specifications.

Using power levels greater than the recommended values may cause undesired harmonics in the source and
receiver. The recommended power levels ensure that these harmonics are less than —45 dBc. Use test port
power to limit the input power to your test device.
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Measuring Gain Compression

Gain compression occurs when the input power of an amplifier is increased to a level that reduces the gain
of the amplifier and causes a nonlinear increase in output power. The point at which the gain is reduced by 1
dB is called the 1 dB compression point. The gain compression will vary with frequency, so it is necessary to
find the worst-case point of gain compression in the frequency band.

Once that point is identified, you can perform a power sweep of that CW frequency to measure the input
power at which the 1 dB compression occurs and the absolute power out (in dBm) at compression. The
following steps provide detailed instruction on how to apply various features of the analyzer to accomplish
these measurements.

NOTE In a compression measurement it is necessary to know the RF input or output power at a
certain level of gain compression. Therefore, both gain and absolute power level need to be
accurately characterized. Uncertainty in a gain compression measurement is typically less
than 0.05 dB. Also, each input channel of the analyzer is calibrated to display absolute power
(typically within +0.5 dBm up to 3 GHz, and +1 dB up to 6 GHz). This can be improved by
calibrating the power meter. Refer to "Power Meter Measurement Calibration" on page 6-33
for information on calibrating the power meter.

Figure 1-48 Diagram of Gain Compression
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1. Set up the stimulus and response parameters for your amplifier under test. To reduce the effect of noise
on the trace, press:

IFBW (1000
(Chan 1) (Meas ) Trans:FWD S21 (B/R) or on ET models: TRANSMISSN

2. Perform the desired error correction procedure. Refer to Chapter 6, "Calibrating for Increased
Measurement Accuracy" for instructions on how to make a measurement correction.

3. Connect the amplifier under test.

4. To produce a normalized trace that represents gain compression, perform either step 5 or step 6. (Step 5

uses trace math and step 6 uses uncoupled channels and the display function D1/D2 to D2 ON )
5. Press DATA —>MEMORY DATA/MEM  to produce a normalized trace.
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6. To produce a normalized trace, perform the following steps:

Press DUAL | QUAD SETUP and select DUAL CHANNEL ON to view both
channels simultaneously.

Press (Chan 2) (Meas ) Trans:FWD $21 (B/R) or on ET models: TRANSMISSN

To uncouple the channel stimulus so that the channel power will be uncoupled, press:

COUPLED CH OFF

This will allow you to separately increase the power for channel 2 and channel 1, so that you can
observe the gain compression on channel 2 while channel 1 remains unchanged.

To display the ratio of channel 2 data to channel 1 data on the channel 2 display, press:

DISPLAY MORE D2/D1 to D2 ON

This produces a trace that represents gain compression only.

7. Press MARKER 1 and position the marker at approximately mid-span.
8. Press (Scale Ref) SCALE/DIV to change the scale to 1 dB per division.
9. Press (Power).

10. Increase the power until you observe approximately 1 dB of compression on channel 2, using the step
keys or the front panel knob.

11. To locate the worst case point on the trace, press:

(Marker Search ) SEARCH:MIN

Figure 1-49 Gain Compression Using Linear Sweep and D2/D1 to D2 ON
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12.1f COUPLED CH OFF was selected, recouple the channel stimulus by pressing:
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COUPLED CH ON

13. To place the marker exactly on a measurement point, press:

MARKER MODE MENU MARKERS:DISCRETE

14. To set the CW frequency before going into the power sweep mode, press:

SPECIAL FUNCTIONS MARKER—> CW
15. Press SWEEP TYPE MENU POWER SWEEP

If interpolation is on (the default setting), the calibration will be applied to the power sweep.
16. Enter the start and stop power levels for the sweep.

Now channel 1 is displaying a gain compression curve. (Do not pay attention to channel 2 at this time.)

17. Press (Chan 2 ) (Display ) DUAL | QUAD SETUP DUAL CHANNEL ON

18. 1f D2/D1to D2 ON was selected, press MORE D2/D1 to D2 OFF
19. Press INPUT PORTS B .

Now channel 2 displays absolute output power (in dBm) as a function of power input.

20. Press (Scale Ref ) SCALE/DIV to change the scale of channel 2 to 10 dB per division.
21. Press to change the scale of channel 1 to 1 dB per division.

NOTE A receiver calibration will improve the accuracy of this measurement. Refer to Chapter 6,
“Calibrating for Increased Measurement Accuracy.”

22. Press MARKER MODE MENU MARKERS:COUPLED

23. To find the 1 dB compression point on channel 1, press:

(Marker Search) SEARCH:MAX MKR ZERO (Marker Search)
SEARCH:TARGET

Notice that the marker on channel 2 tracked the marker on channel 1.

24. Press (Chan 2 ) (Marker ) MKR MODE MENU MARKERS:UNCOUPLED

25. To take the channel 2 marker out of the A mode so that it reads the absolute output power of the
amplifier (in dBm), press:

A MODE MENU A MODE OFF
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Figure 1-50 Gain Compression Using Power Sweep
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Measuring Gain and Reverse Isolation Simultaneously
(ES Analyzers Only)

Since an amplifier will have high gain in the forward direction and high isolation in the reverse direction, the
gain (Syq) will be much greater than the reverse isolation (Sq,). Therefore, the power you apply to the input

of the amplifier for the forward measurement (Sy4) should be considerably lower than the power you apply to
the output for the reverse measurement (S1,). By applying low power in the forward direction, you'll prevent

the amplifier from being saturated. A higher power in the reverse direction keeps noise from being a factor in
the measurement and accounts for any losses caused by attenuators or couplers on the amplifier's output
needed to lower the output power into the analyzer. The following steps demonstrate the features that best
accomplish these measurements.

1. Press COUPLED CH ON

Coupling the channels allows you to have the same frequency range and calibration applied to channel 1
and channel 2.

2. Press (Power) PORT POWER [UNCOUPLED]

Uncoupling the port power allows you to apply different power levels at each port. In Figure 1-51, the port
1 power is set to —25 dBm for the gain measurement (Sy¢) and the port 2 power is set to 0 dBm for the

reverse isolation measurement (Sy9).

3. Press (Chan 1) (Meas ) Trans:FWD S21 (B/R) and set the power level for port 1.
4. Press (Chan 2) (Meas) Trans: REV S12 (A/R) and set the power level for port 2.

5. Perform an error-correction and connect the amplifier to the network analyzer. Refer to the Chapter 5,
“Optimizing Measurement Results,” for error-correction procedures.

6. Press DUAL | QUAD SETUP DUAL CHAN ON

You can view both measurements simultaneously by using the dual channel display mode. Refer to
Figure 1-51. If the port power levels are in different power ranges, one of the displayed measurements
will not be continually updated and the annotation t sH will appear on the left side of the display. Refer to
"Source Attenuator Switch Protection” on page 7-14 for information on how to override this state.

NOTE To obtain best accuracy, you should set the power levels prior to performing the calibration.
However, the analyzer compensates for nominal power changes you make during a
measurement, so that the error correction still remains quite valid. In these cases, the Cor
annunciator will change to CA.
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Figure 1-51 Gain and Reverse Isolation
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Making High Power Measurements with Option 014
(ES Analyzers Only)

Analyzers equipped with Option 014 can be configured to measure high power devices. This ability is useful
if the required input power for a device under test is greater than the analyzer can provide or if the maximum
output power from an amplifier under test exceeds safe input limits for a standard analyzer. This section
describes three configurations for performing high power measurements.

Figure 1-52 Internal Signal Paths of the Option 014 Analyzer
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High Power Configuration One

Figure 1-53 shows a one-path 2-port forward direction high power measurement. In this configuration the
maximum power from test PORT 1 is 1 watt or 30 dBm. An external amplifier and coupler are connected
between the SWITCH and COUPLER access port for PORT 1. The coupled arm of the external coupler must
be connected through an external switch to the R CHANNEL to maintain the phase lock in the forward
direction.

NOTE This is only an example configuration for high power applications. Actual device values need
to be determined for each individual application.

Figure 1-53 High Power Configuration One
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A power divider must be placed between the PORT 2 SWITCH and PORT 2 COUPLER ports with one leg of
the divider connected through the external switch to the R CHANNEL port to maintain the phase lock in the
reverse direction. (A coupler could also be used in place of the power divider.)

The recommended external switch for this application is the HP/Agilent 8762B Option T24. The maximum
recommended power to the R CHANNEL input is —10 dBm, so depending on the coupling factor of the
external coupler, an attenuator may need to be added to the R CHANNEL path.

Maximum power to PORT 2 is 2 watts or 33 dBm. Attenuators need to be added to the A and B sampler
access ports to reduce the power to the A and B samplers. An additional attenuator must be added to the
PORT 2 COUPLER/SWITCH ports to reduce the power to the transfer switch.
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Control of the external switch can be done through the test set interface on the rear panel. Pin 8 on the TEST
SET-1/0 INTERCONNECT connector is a TTL 5 volt line that changes from TTL high in the forward
measurement state to TTL low in the reverse measurement state. Refer to Figure 1-81 on page 1-111. Table
1-6 is a complete listing of the connector’s pins.

Pin 1 on the external switch must be grounded. It can be grounded to:

» the analyzer's chassis

+ the front panel binder post

* the outer shell of the TEST SET-I/0 INTERCONNECT connector

+ aground pin on the TEST SET-I/0 INTERCONNECT connector (pin 7, 12 or 18). Refer to Figure 1-81.

Pin C (common) on the HP/Agilent 8762B Option T24 must be connected to the test set interface Pin 14
(+22 volt line). Pin 2 on the 8762B Option T24 connects to Pin 8 (TTL 0) on the test set interface.
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High Power Configuration Two

Figure 1-54 shows a full 2-port forward direction high power measurement. In this configuration the
maximum power from test PORT 1 and test PORT 2 is 0.10 watt or 20 dBm.

NOTE This is only an example configuration for high power applications. Actual device values need
to be determined for each individual application.

Figure 1-54 High Power Configuration Two
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An external amplifier and coupler are connected between the RF OUT and the RF IN access ports to the
transfer switch.

The coupled arm of the external coupler must be connected to the R CHANNEL IN port. Maximum
recommended power to the R CHANNEL input is —10 dBm, so depending on the coupling factor of the
external coupler, an attenuator may need to be added to the R CHANNEL path.

Maximum power to the RF IN port is 26 dBm. With the PORT 1 or PORT 2 SWITCH/COUPLER ports
connected, the approximate loss from RF IN to either test PORT is 6 dB at 3 GHz, and 8 dB at 6 GHz. The
approximate loss for the Option 075 is 8 dB at 3 GHz.

Maximum power to PORT 2 from the DUT is 2 watts or 33 dBm. Attenuators need to be added to the A and B
sampler ports to reduce the power to the samplers. An isolator was added to the PORT 2 SWITCH/COUPLER
ports to reduce power to the transfer switch. Maximum power to the transfer switch is 26 dBm. Some
compression may occur above —123 dBm.

NOTE Isolators must be inserted so that maximum isolation is achieved from the COUPLER to the
SWITCH ports. Refer to the isolators' manufacturer specifications for more information.
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High Power Configuration Three

Figure 1-55 shows the external high power configuration. With this setup you can develop your own high
power configuration. This solution can be used for measurements in the forward direction as long as the
maximum power limits of the analyzer are not exceeded. This configuration offers higher power capabilities.

NOTE This is only an example configuration for high power applications. Actual device values need
to be determined for each individual application.

Figure 1-55 High Power Configuration Three
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Using the Swept List Mode to Test a Device

When using a list frequency sweep, the analyzer has the ability to sweep arbitrary frequency segments,
each containing a list of frequency points. One major advantage of using list frequency sweep is that it
allows you to measure the minimum number of data points, and only at the frequencies of interest. This
serves to minimize the overall test time. Two different list frequency sweep modes can be selected:

Stepped List

Mode In this mode, the source steps to each defined frequency point, stopping while data is
taken. This mode eliminates IF delay and allows frequency segments to overlap.
However, the sweep time is substantially slower than for a continuous sweep with the
same number of points.

Swept List

Mode This mode takes data while sweeping through the defined frequency segments,
increasing throughput by up to 6 times over a stepped sweep. In addition, this mode
allows the test port power and IF bandwidth to be set independently for each segment
that is defined. The frequency segments in this mode cannot overlap.

The ability to completely customize the frequency sweep while using swept list mode is useful when setting
up a measurement for a device with high dynamic range, like a filter. The following measurement of a filter
illustrates the advantages of using the swept list mode.

* Forin-depth information on swept list mode, refer to "Swept List Frequency Sweep (Hz)" on page 7-18.

* Forinformation on optimizing your measurement results when using swept list mode, refer to "To Use
Swept List Mode" on page 5-9.

Connect the Device Under Test

1. Connect the equipment as shown in Figure 1-56.

Figure 1-56 Swept List Measurement Setup
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2. Set the following measurement parameters:

Trans: FWD S21 (B/R) or on ET models: TRANSMISSN
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(Center ) (900 ) (M/u )

(Span) (500 ) (M/u )

Observe the Characteristics of the Filter

Figure 1-57 Characteristics of a Filter
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» Generally, the passhand of a filter exhibits low loss. A relatively low incident power may be needed to
avoid overdriving the next stage of the DUT (if that stage contains an amplifier) or the network analyzer
receiver.

+ Conversely, the stopband of a filter generally exhibits high isolation. To measure this characteristic, the
dynamic range of the system will have to be maximized. This can be done by increasing the incident
power and narrowing the IF bandwidth.

Choose the Measurement Parameters

1. Decide the frequency ranges of the segments that will cover the stopbands and passhand of the filter.
For this example, the following ranges will be used:

* Lower stopband: 650 to 880 MHz
+ Passband: 880 to 920 MHz
* Upper stopband: 920 to 1150 MHz

2. To set up the swept list measurement, press:
SWEEP TYPE MENU EDIT LIST

Set Up the Lower Stopband Parameters

3. To set up the segment for the lower stopband, press
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ADD

START

STOP

NUMBER of POINTS

4. To maximize the dynamic range in the stopband (increasing the incident power and narrowing the IF
bandwidth), press

MORE
LIST POWER ON off until ON is selected SEGMENT POWER
LIST IF BW ON off until ON is selected SEGMENT IF BW 1000

RETURN DONE

Set Up the Passhand Parameters
5. To set up the segment for the passband, press

ADD

CENTER
SPAN
STEP SIZE

6. To specify a lower power level and a wider IF bandwidth for the passband, press

MORE

SEGMENT POWER

SEGMENT IF BW 3700
RETURN DONE

Set Up the Upper Stopband Parameters
7. To set up the segment for the upper stopband, press
ADD
START
STOP
NUMBER of POINTS
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8. To maximize the dynamic range in the stopband (increasing the incident power and narrowing the IF
bandwidth), press:

MORE
SEGMENT POWER
SEGMENT IF BW
RETURN DONE

9. Press DONE  LIST FREQ [SWEPT]

Calibrate and Measure

1. Remove the DUT and perform a full two-port calibration. Refer to Chapter 6, “Calibrating for Increased
Measurement Accuracy.”

2. With the thru connected, set the scale to autoscale to observe the benefits of using swept list mode.

» The segments used to measure the stopbands have less noise, thus maximizing dynamic range
within the stopband frequencies.

» The segment used to measure the passhand has been set up for faster sweep speed with more
measurement points.

Figure 1-58 Calibrated Swept List Thru Measurement
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3. Reconnect the filter and adjust the scale to compare results with the first filter measurement that used a
linear sweep.

In Figure 1-59, notice that the noise level has decreased over 10 dB, confirming that the noise reduction
techniques in the stopbands were successful. Also, notice that the stopband noise in the third segment
is slightly lower than in the first segment. This is due to the narrower IF bandwidth of the third segment
(300 Hz).
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Figure 1-59 Filter Measurements Using Linear Sweep and Swept List Mode
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Using Limit Lines to Test a Device

Limit testing is a measurement technique that compares measurement data to constraints that you define.
Depending on the results of this comparison, the analyzer will indicate if your device either passes or fails
the test.

Limit testing is implemented by creating individual flat, sloping, and single-point limit lines on the analyzer
display. When combined, these lines can represent the performance parameters for your device under test.
The limit lines created on each measurement channel are independent of each other.

This example measurement shows you how to test a bandpass filter using the following procedures:

+ creating flat limit lines

+ creating sloping limit lines

+ creating single point limit lines
+ editing limit segments

* running a limit test

Setting Up the Measurement Parameters

1. Connect your test device as shown in Figure 1-60.

Figure 1-60 Connections for SAW Filter Example Measurement
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2. Press and choose the measurement settings. For this example the measurement settings are
as follows:

. Trans: FWD S21 (B/R) or on ET models: TRANSMISSN

+ (Center) (134 ) (Mm/u)

* (Span) (50 ) (M/w)
. Scale Ref ) AUTO SCALE

You may also want to select settings for the number of data points, power, averaging, and IF bandwidth.

3. Substitute a thru for the device and perform a response calibration by pressing:

CALIBRATE MENU RESPONSE THRU
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4. Reconnect your test device.

5. To better view the measurement trace, press:

Scale Ref ) AUTO SCALE

Creating Flat Limit Lines

In this example procedure, the following flat limit line values are set:

Frequency Range Power Range
127 MHz to 140 MHz —27 dB to-21dB
100 MHz to 123 MHz —200 dB to —65 dB
146 MHz to 160 MHz —200 dB to —65 dB
NOTE The minimum value for measured data is —200 dB.

1. To access the limits menu and activate the limit lines, press:

LIMIT MENU LIMIT LINE LIMIT LINE ON EDIT LIMIT LINE
CLEAR LIST YES

2. To create a new limit line, press:
ADD
The analyzer generates a new segment that appears on the center of the display.

3. To specify the limit's stimulus value, test limits (upper and lower), and the limit type, press:

STIMULUS VALUE
UPPER LIMIT
LOWER LIMIT DONE

NOTE You could also set the upper and lower limits by using the MIDDLE VALUE and
DELTA LIMITS keys. To use these keys for the entry, press:

MIDDLE VALUE DELTA LIMITS

This would correspond to a test specification of —24 +3 dB.

4. To define the limit as a flat line, press:

LIMIT TYPE FLAT LINE RETURN
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5. To terminate the flat line segment by establishing a single point limit, press:

ADD  STIMULUS VALUE DONE
LIMIT TYPE SINGLE POINT RETURN

Figure 1-61 shows the flat limit lines that you have just created with the following parameters:
+ stimulus from 127 MHz to 140 MHz

» upper limit of —21 dB

* lower limit of —27 dB

Figure 1-61 Example Flat Limit Line
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+ To create a limit line that tests the low side of the filter, press:

ADD

STIMULUS VALUE
UPPER LIMIT
LOWER LIMIT

DONE

LIMIT TYPE FLAT LINE RETURN

ADD

STIMULUS VALUE

DONE

LIMIT TYPE SINGLE POINT RETURN
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» To create a limit line that tests the high side of the bandpass filter, press:

ADD

STIMULUS VALUE
UPPER LIMIT

LOWER LIMIT

DONE

LIMIT TYPE FLAT LINE RETURN
ADD

STIMULUS VALUE
DONE

LIMIT TYPE SINGLE POINT

Figure 1-62 Example Flat Limit Lines
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This example procedure shows you how to make limits that test the shape factor of a SAW filter. The

following limits are set:
Frequency Range

123 MHz to 125 MHz
144 MHz to 146 MHz

Power Range

—65 dB to —26 dB

—26 dB to —65 dB
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1. To access the limits menu and activate the limit lines, press:

LIMIT MENU LIMIT LINE LIMIT LINE ON EDIT LIMIT LINE
CLEAR LIST YES

2. To establish the start frequency and limits for a sloping limit line that tests the low side of the filter,
press:

ADD  STIMULUS VALUE

UPPER LIMIT LOWER LIMIT
DONE LIMIT TYPE SLOPING LINE RETURN
3. To terminate the lines and create a sloping limit line, press:

ADD  STIMULUS VALUE

UPPER LIMIT LOWER LIMIT
DONE  LIMIT TYPE SINGLE POINT RETURN

4. To establish the start frequency and limits for a sloping limit line that tests the high side of the filter,
press:

ADD  STIMULUS VALUE

UPPER LIMIT LOWER LIMIT
DONE  LIMIT TYPE SLOPING LINE RETURN

5. To terminate the lines and create a sloping limit line, press:
ADD  STIMULUS VALUE

UPPER LIMIT LOWER LIMIT
DONE  LIMIT TYPE SINGLE POINT RETURN

You could use this type of limit to test the shape factor of a filter.
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Figure 1-63 Sloping Limit Lines
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Creating Single Point Limits
In this example procedure, the following limits are set:
*  from-23 dB to —28.5 dB at 141 MHz
+ from—23 dB to—28.5 dB at 126.5 MHz
1. To access the limits menu and activate the limit lines, press:
LIMIT MENU LIMIT LINE LIMIT LINE ON EDIT LIMIT LINE

CLEAR LIST YES
2. To designate a single point limit line, as shown in Figure 1-64, you must define two pointers:

* downward pointing, indicating the upper test limit

» upward pointing, indicating the lower test limit

Press:

ADD  STIMULUS VALUE

UPPER LIMIT LOWER LIMIT DONE
LIMIT TYPE SINGLE POINT RETURN

ADD  STIMULUS VALUE

UPPER LIMIT

LOWER LIMIT DONE
LIMIT TYPE SINGLE POINT RETURN
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Figure 1-64 Example Single Points Limit Line
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Editing Limit Segments
This example shows you how to edit the upper limit of a limit line.
1. To access the limits menu and activate the limit lines, press:

LIMIT MENU LIMIT LINE LIMIT LINE ON EDIT LIMIT LINE

2. To move the pointer symbol (>) on the analyzer display to the segment you wish to modify, press:

SEGMENT or repeatedly OR SEGMENT  and enter the segment number followed
by (xD.

3. To change the upper limit (for example, —20) of a limit line, press:
EDIT  UPPER LIMIT DONE

Deleting Limit Segments
1. To access the limits menu and activate the limit lines, press:

LIMIT MENU LIMIT LINE LIMIT LINE ON EDIT LIMIT LINE

2. To move the pointer symbol (>) on the analyzer display to the segment you wish to delete, press:

SEGMENT or repeatedly OR SEGMENT  and enter the segment number followed
by (xD).

3. To delete the segment that you have selected with the pointer symbol, press:

DELETE

Running a Limit Test
1. To access the limits menu and activate the limit lines, press:
LIMIT MENU LIMIT LINE LIMIT LINE ON EDIT LIMIT LINE
Reviewing the Limit Line Segments
The limit table data that you have previously entered is shown on the analyzer display.

» To verify that each segment in your limits table is correct, review the entries by pressing:

SEGMENT («>)and (%)

+ To modify an incorrect entry, refer to the “Editing Limit Segments” procedure, located earlier in this
section.

Activating the Limit Test
To activate the limit test and the beep fail indicator, press:

LIMIT MENU LIMIT LINE LIMIT TEST ON BEEP FAIL ON

NOTE Selecting the beep fail indicator BEEP FAIL ON is optional and will add approximately
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50 ms of sweep cycle time. Because the limit test will still work if the limits lines are off,
selecting LIMIT LINE ON is also optional.

The limit test results appear on the right side on the analyzer display. The analyzer indicates whether the
filter passes or fails the defined limit test:

» The message FAIL will appear on the right side of the display if the limit test fails.

» The analyzer beeps if the limit test fails and if BEEP FAIL ON has been selected.

» The analyzer changes the color of the trace to flashing red where the measurement trace is out of
limits.

* ATTL signal on the rear panel BNC connector "LIMIT TEST" provides a pass/fail (5 V/0 V) indication
of the limit test results.

Offsetting Limit Lines

The limit offset functions allow you to adjust the limit lines to the frequency and output level of your device.
For example, you could apply the stimulus offset feature for testing tunable filters. Or, you could apply the
amplitude offset feature for testing variable attenuators, or passbhand ripple in filters with variable loss.

This example shows you the offset feature and the limit test failure indications that can appear on the
analyzer display.

1. To offset all of the segments in the limit table by a fixed frequency (for example, 3 MHz), press:

LIMIT MENU ~ LIMIT LINE LIMIT LINE OFFSETS STIMULUS OFFSET

The analyzer beeps and a FAIL notation appears on the analyzer display, as shown in Figure 1-65.

Figure 1-65 Example Stimulus Offset of Limit Lines

CHL Sz, log MAG 18 4B REF -50 dB 1 -62. 829 dB
| 155 288 8gp Hhz

“or | rnif sTrfuLus lorrsel

. T v,..,,--..:m... —f———

i S

v v

N\/N\.‘J‘M""I

] S - L )
CENTER 134 BP9 D8 MHz SFAN GO 008 2ED bz
aw000014

» Toreturn to 0 Hz offset, press:

STIMULUS OFFSET @)
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To offset all of the segments in the limit table by a fixed amplitude, press:
AMPLITUDE OFFSET
The analyzer beeps and a FAIL notation appears on the analyzer display.

To return to 0 dB offset, press:

AMPLITUDE OFFSET (o)

To offset the amplitude offset value by the active marker reading, press MARKER — AMP. OFS.
Pressing AMPLITUDE OFFSET shows the current value.
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Using Ripple Limits to Test a Device

Setting Up the List of Ripple Limits to Test
Two tasks are involved in preparing for ripple testing:

» First, set up the analyzer settings to view the frequency of interest.
» Second, set up the analyzer to test over the appropriate frequencies against your specific limits.

This example will show you how to set up the analyzer to test ripple limits. In this example, we will be
testing the pass band of a bandpass filter where the center frequency of the filter is approximately 1.8 GHz
and has a bandwidth of approximately 2.9 GHz. Refer to Figure 1-66.

Figure 1-66 Bandpass Filter Being Ripple Tested
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Setting Up the Analyzer to Perform the Ripple Test

This section sets up the analyzer so that a bandpass filter can be easily viewed on the analyzer display.

1. Connect your filter as shown in Figure 1-67.
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Figure 1-67 Connections for an Example Ripple Test Measurement
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2. Press and choose the measurement settings. For this example, the measurement settings are
as follows:

. Trans: FWD S21 (B/R) or on ET models: TRANSMISSN

+ (Center) (1.8 )(G/n)

* (Span)(3.4)(G/n)
. Scale Ref ) AUTO SCALE

You may also want to select settings for the number of data points, power, averaging, and IF bandwidth.

3. Substitute a thru for the device and perform a response calibration by pressing:

CALIBRATE MENU RESPONSE THRU

4. Reconnect your test device.

5. To better view the measurement trace, press (Scale Ref ) AUTO SCALE . Refer to Figure 1-68.
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Figure 1-68 Filter Pass Band Before Ripple Test
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Setting Up Limits for Ripple Testing

This section instructs you on setting up the ripple test parameters. You must set up the analyzer to check the
DUT at the correct frequencies and compare the measured values against the maximum allowable ripple
value for each frequency band. To do this, you set up individual frequency bands. You define the stop and
start frequency and the maximum allowable ripple value of each frequency band. You may set up as many as
12 frequency bands for testing ripple. The frequency bands are combined in a list that is displayed while the

ripple frequency bands are being edited.

In this example, we will create one ripple limit (or frequency band) that spans the entire pass band from 500
MHz to 3.0 GHz. We will also create two additional frequency bands that when merged, will span the pass
band with tighter limits. Using the Ripple Edit Menu, we will create a ripple limits list on the analyzer that is

similar to the following table.

Table 1-4 Ripple Limits for Ripple Test Example

SPAN 3,408 008 208 GHz

Frequency Minimum Maximum Maximum
Band Frequency Frequency Ripple

1 500 MHz 3.2 GHz 2.0dB

2 500 MHz 1.85 GHz 1.3dB

3 1.85 GHz 3.2 GHz 1.3dB

Notice that Frequency Band 1 overlaps in frequency the remaining frequency bands. Whereas, Frequency
Bands 2 and 3 are separate bands that cover the same span of frequency. This can be done to put tighter
limits over narrower frequency spans within the bandpass or to customize the ripple test to meet your

specific requirements.
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1. To access the ripple test menu, press:
LIMIT MENU RIPPLE LIMIT
2. To access the ripple test edit menu, press EDIT RIPL LIMIT
3. Add the first frequency band (Frequency Band 1) to be tested by pressing ADD

4. Set the lower frequency value of Frequency Band 1 by pressing:

MINIMUM FREQUENCY
5. Set the upper frequency value of Frequency Band 1 by pressing:
MAXIMUM FREQUENCY

6. Setthe maximum allowable ripple amplitude value of Frequency Band 1 by pressing:

MAXIMUM RIPPLE
7. Repeat steps 3 through 6 for the two remaining frequency bands to be tested for maximum ripple.
The network analyzer allows you to enter up to 12 frequency bands to be tested for maximum ripple.

8. After you have entered all of the ripple test frequency band parameters, return to the ripple test menu by
pressing DONE

Editing Ripple Test Limits

Once the frequency band limits for ripple testing have been created, the limits may be changed using the
same menu that was used to create them. Using the edit ripple test menu, you may:

+ Change existing frequency band limits
* Add more frequency band limits

* Delete individual frequency band limits
» Clear all frequency band limits
Changing Existing Frequency Band Limits

Existing frequency band limits may be changed for testing the ripple. This procedure guides you through
changing the existing frequency band limits.

1. To access the ripple test edit menu from the ripple test menu, press:
EDIT RIPL LIMIT

2. Enter the frequency band whose limits you want to change by pressing:

a. FREQUENCY BAND
b. The numeric key indicating the frequency band number that you are changing.

The frequency band number is located in the left column of the list of frequency bands.
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Make the changes to the selected band by pressing:

a. MINIMUM FREQUENCY and the new value to change the lower frequency of the frequency
band.

b. MAXIMUM FREQUENCY and the new value to change the upper frequency of the frequency
band.

c. MAXIMUM RIPPLE and the new decibel value to change the maximum allowable ripple of the

frequency band. Terminate the new decibel value with the key.
Repeat steps 2 and 3 for additional frequency bands.

After you have entered the necessary changes to the ripple test frequency band parameters, return to
the ripple test menu by pressing DONE

Adding Additional Frequency Bands

More frequency band limits may be added for testing the ripple. This procedure guides you through adding
the more frequency band limits.

The network analyzer allows you to enter up to 12 frequency bands for maximum ripple testing.

1.

2.
3.

To access the ripple test edit menu, press EDIT RIPL LIMIT
Create a new frequency band by pressing ADD

Set the lower frequency value of the frequency band by pressing:

a. MINIMUM FREQUENCY

b. the numeric keys indicating the minimum frequency value of the frequency band

c. the appropriate frequency key (either (G/n ), (M/u ), or (k/m))

Set the upper frequency value of the frequency band by pressing:

a. MAXIMUM FREQUENCY

b. the numeric keys indicating the maximum frequency value of the frequency band

c. the appropriate frequency key (either (G/n ), (M/u ), or (k/m))

Set the maximum allowable ripple amplitude value of the frequency band by pressing:

a. MAXIMUM RIPPLE

b. the decibel value of the frequency band’s maximum allowable ripple

C.

Repeat steps 2 through 5 for additional frequency bands to be tested for maximum ripple.

After you have added all of the new frequency bands, return to the ripple test menu by pressing
DONE

Deleting Existing Frequency Bands

Frequency band limits may be deleted for testing the ripple. This procedure guides you through deleting
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existing frequency band limits. You may delete individual frequency bands or delete all of the frequency
bands from the list.

1. To access the ripple test edit menu, press:

EDIT RIPL LIMIT

2. Select the first frequency band (as an example, Frequency Band 3) to be deleted by pressing:

FREQUENCY BAND DELETE

3. Repeat step 2 until you have deleted the required frequency bands from the list.

4. If you need to delete all of the frequency bands, you can delete them all by pressing:
CLEAR LIST

When this softkey is pressed, you will be asked to confirm that you want to delete all of the frequency
bands from the list.

5. After you have finished deleting the frequency bands, you can return to the ripple test menu by pressing
DONE

Running the Ripple Test

Once the list of ripple limits has been set up, you are ready to run the ripple test. From the Ripple Test Menu,
you can:

+ Start and stop the ripple test.

» Display and hide the ripple test limit lines.

» Select a frequency band and display its ripple measurement in two ways:
(1 the absolute measured ripple value

( the margin which the measured ripple passes or fails the user-defined maximum ripple value

Starting and Stopping the Ripple Test

Once the list of ripple limits has been set up, start the ripple test by pressing RIPL TEST on OFF from
the Ripple Test Menu until ON is displayed on the softkey. Pressing this softkey toggles the analyzer
between ripple test on and ripple test off status. Figure 1-69 shows the filter pass band (with the scale
changed to 1 dB/division) being ripple tested. Note that the filter fails the ripple test. The portions of the
pass band trace which do not meet the test requirements are displayed in red.
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Figure 1-69 Filter Passhand with Ripple Test Activated
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As the analyzer measures the ripple, a message is displayed indicating whether the measurement passes or
fails:

» Ifthe ripple test passes, a RIPLn PASS message (where n=the channel number) is displayed in the
color assigned to Channel 1 Memory. The ripple test must pass in all frequency bands before the pass
message is displayed.

+ Ifthe ripple test fails, a RIPLn FAIL message (where n=the channel number) is displayed in red. The
portion of the trace that exceeds the user-specified maximum ripple value is also displayed in red.

Displaying the Ripple Limits

After the list of ripple limits has been set up, display the ripple test limits by pressing

RIPL LIMIT on OFF from the Ripple Test Menu until ON is displayed on the softkey. Pressing this
softkey toggles the analyzer ripple limits display on and off. If the ripple limits are displayed and the ripple
test is off, the ripple limits are displayed near the top of the graticule and are not compared with the
displayed trace. However, once the ripple test is started, the ripple limits are displayed with respect to the
measured trace in the following manner:

» If the ripple test passes, the ripple limits are drawn on the display for each frequency band. Within each
frequency band, an upper and lower ripple limit is drawn such that they are equidistant above the upper
point of the measured trace and below the lower point of the measured trace.

+ If the ripple test fails, the ripple limits are drawn on the display for each frequency band. Within each
frequency band, the lower ripple limit is drawn at the lowest point on the measured trace and the upper
ripple limit is drawn at the user-specified maximum ripple value above the lower ripple limit. The ripple
that exceeds the maximum ripple value extends above the upper limit. This measured trace that extends
above the upper limit is displayed in red.

Figure 1-70 shows the filter pass band tested with the ripple limits activated. Notice that there are three sets
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of ripple limits shown. Also notice that the measured trace exceeds the upper ripple limit only in Frequency
Band 3.

Figure 1-70 Filter Pass Band with Ripple Test and Ripple Limits Activated
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Changing the Ripple Limits Line Color. The color of the lines that represent the ripple limits can be
changed by:

1. pressing the key
2. pressing MORE ADJUST DISPLAY MODIFY COLORS MORE

3. pressing RIPPLE LIM LINES TINT and turning the analyzer front panel knob until the desired
color appears (You may also use the step keys or the numeric keypad instead of the front panel knob to
change the color.)

Checking the Ripple Value

Once the ripple test has been started and is running, you may display the ripple value of each frequency
band in one of two formats, the absolute format or the margin format. Both formats are described in this
section.

To display the ripple value, press RIPL VALUE [ ] . Pressing this softkey toggles between
RIPL VALUE [OFF ] . RIPL VALUE [ABSOLUTE ] ,and RIPL VALUE [MARGIN ]
RIPL TEST on OFF from the Ripple Test Menu until ON is displayed on the softkey. Pressing this

softkey toggles the analyzer between ripple test on and ripple test off status.

When the Absolute and Margin choices are selected, the frequency band and measurement value are
displayed to the right side of the pass/fail message described previously. This display is displayed in the
same color as the pass/fail message.

The frequency band of the displayed value is displayed as Bn (where n= the frequency band number). The
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frequency band may be changed to display the value of each band. To change the displayed frequency band

value, from the Ripple Test Menu press RIPL VALUE BAND and then use the (<> Jand (<> ) keys
(or the numerical keypad) to select the desired frequency band.

Viewing the Ripple Value in Absolute Format

When RIPL VALUE [ABSOLUTE ] is selected, the absolute ripple value of the selected frequency
band is displayed. The absolute ripple value is the measured maximum level minus the measured minimum
level within the frequency band. This value is displayed in dB.

Figure 1-71 shows the ripple test with absolute ripple value displayed for Frequency Band 1. The B1
indicates that the ripple value displayed is for Frequency Band 1. Notice that Frequency Band 1 passes the
ripple test. It has an absolute ripple value of 1.675 dB while the maximum ripple value entered for Frequency
Band 1 was 2.0 dB. Thus, even though the ripple test fails because of Frequency Band 3, the ripple passes in
Frequency Band 1.

Figure 1-71 Filter Pass Band with Absolute Ripple Value for Band 1 Activated
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Viewing the Ripple Value in Margin Format

When RIPL VALUE [MARGIN ] is selected, the margin by which the ripple value passed or failed is
displayed. The ripple value margin is the user-defined maximum ripple minus the absolute ripple value
within the frequency band. This value is displayed in dB. A positive value is the margin by which the ripple

passes the ripple test in the frequency band. A negative value is the margin by which the ripple fails the
ripple test in the frequency band.

Figure 1-72 shows the ripple test with margin ripple value displayed for Frequency Band 2. Notice that
Frequency Band 2 passes the ripple test with a margin of 0.097 dB. The plus sign (+) indicates this band

passes the ripple test by the amount displayed. A minus sign (—) would indicate that the band failed by the
displayed amount.

Figure 1-72 Filter Pass Band with Margin Ripple Value for Band 2 Activated
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Using Bandwidth Limits to Test a Bandpass Filter

The bandwidth testing mode can be used to test the bandwidth of a bandpass filter. The bandwidth test
finds the peak of a signal in the passband and locates a point on each side of the passhand at an amplitude
below the peak (that you specify during the test setup). The frequency between these two points is the
bandwidth of the filter. This bandwidth is compared to minimum and maximum allowable bandwidths that
you specify during the test setup.

This example shows you how to test the bandwidth of a bandpass filter. In this example, we will be testing
the pass band of a bandpass filter where the center frequency of the filter is approximately 321 MHz. Refer
to Figure 1-73.

Figure 1-73 Bandpass Filter Being Bandwidth Tested
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Setting Up Bandwidth Limits

When you set up the bandwidth limits to test the bandpass filter, you will first set up the analyzer to perform
the bandwidth test and then you will set up bandwidth limits of the bandwidth test.

Setting Up the Analyzer to Perform the Bandwidth Test

This section sets up the analyzer so that a bandpass filter can be easily viewed on the analyzer display.

1. Connect your filter as shown in Figure 1-74.
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Figure 1-74 Connections for a Bandpass Filter Example Measurement
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2. Press and choose the measurement settings. For this example, the measurement settings are
as follows:

a. Trans: FWD S21 (B/R) or on ET models: TRANSMISSN

o

. (Center) (321) (M/u)

. (Span) (200) (M/u)
d. AUTO SCALE

You may also want to select settings for the number of data points, power, averaging, and IF bandwidth.

o

Figure 1-75 Filter Pass Band Before Bandwidth Test
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3. Substitute a thru for the device and perform a response calibration by pressing:
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CALIBRATE MENU RESPONSE THRU
4. Reconnect your test device.

Refer to Figure 1-75.

Setting Up the Bandwidth Limits
When you set up the bandwidth limits to test the bandpass filter, you will set

» the amplitude below the peak that is used to measure the filter's bandwidth. This setting is called N dB
Points.

+ the Maximum Bandwidth value. If the measured bandwidth is greater than this value, the test will fail.

» the Minimum Bandwidth value. If the measured bandwidth is less than this value, the test will fail.
1. To access the bandwidth menu, press:

LIMIT MENU BANDWIDTH LIMIT

2. To set the amplitude below the peak passband amplitude that you want to measure the bandwidth. In
this case, we are setting the bandwidth that will be measured 40 dB below the peak amplitude of the
bandpass filter by pressing:

N DB POINTS

3. To set the minimum bandwidth for the bandwidth test, press:

MINIMUM BANDWIDTH
4. To set the maximum bandwidth for the bandwidth test, press:
MAXIMUM BANDWIDTH

Running a Bandwidth Test

After setting up the bandwidth limits, you are ready to run the bandwidth test and check the test results. For
this example, we will:

» Start the test.
» Display the bandwidth markers.
* Review the test results.

Activating the Bandwidth Test

1. Start the bandwidth test by pressing the BW TEST on OFF softkey until ON is displayed.

The bandwidth test continues to run until the softkey is returned to the OFF position.
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The test displays a message in the upper left corner of the graticule showing that the bandwidth test is
being performed and the channel on which the test is being performed. For example, BW1: indicates that
the bandwidth test is being run on channel 1. See Figure 1-76.

The test also displays a message indicating whether the filter passes or fails the bandwidth test. When
the filter is passing the test, the message indicates Pass. When the filter is failing the test, the failure
message indicates either Wide (when the pass band is wider than the maximum bandwidth input) or
Narrow (when the pass band is narrower than the minimum bandwidth input).

When the filter passes the bandwidth test, the color of the bandwidth test Pass message is green. When
the filter fails the bandwidth test, the color of the bandwidth test Wide/Narrow message is red.

Figure 1-76 Filter Pass Band with Bandwidth Test Activated
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Displaying the Bandwidth Markers
1. Display the bandwidth markers by pressing the BW MARKER on OFF softkey until ON is displayed

on the softkey.

When the bandwidth markers are displayed, a marker is placed on each side of the peak amplitude at a
position equal to the N dB Points value below the peak. The markers are placed at the 40 dB points on
the signal in Figure 1-77. The bandwidth markers resemble the following symbol: T
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Figure 1-77 Bandwidth Markers Placed 40 dB Below the Bandpass Peak
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Displaying the Bandwidth Value

1. Display the bandwidth value by pressing the BW DISPLAY on OFF softkey until ON is displayed on
the softkey.

When this softkey is set to the ON position, the measured bandwidth value is displayed in the upper left
corner of the display, to the right of the bandwidth Pass/Wide/Narrow message. This value changes as
the analyzer continues measuring the bandwidth. The bandwidth value is displayed in Figure 1-78.

If the filter is failing the bandwidth test, the color of the bandwidth value is red, the same color as the
failure (Wide) message of Figure 1-76. If the filter is passing the bandwidth test, the displayed bandwidth
value is green (the same color as the bandwidth test Pass message).
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Using Test Sequencing

Test sequencing allows you to automate repetitive tasks. As you make a measurement, the analyzer
memorizes the keystrokes. Later you can repeat the entire sequence by pressing a single key. Because the
sequence is defined with normal measurement keystrokes, you do not need additional programming
expertise. Subroutines and limited decision-making increases the flexibility of test sequences. In addition,
the GPIO outputs can be controlled in a test sequence, and the GPI0 inputs can be tested in a sequence for
conditional branching.

The test sequence function allows you to create, title, save, and execute up to six independent sequences
internally. You can also save sequences to disk and transfer them from the analyzer to another analyzer or
possibly to an external computer controller (so the sequence can be sent to another analyzer).

How to Use Test Sequencing

The following procedures, which are based on an actual measurement example, show you how to do the
following:

+ create a sequence

+ title a sequence

» edita sequence

+ clear asequence

» change a sequence title

» name files generated by a sequence
+ store a sequence

* load a sequence

* purge a sequence

* print a sequence

Creating a Sequence

1. To enter the sequence creation mode, press:

NEW SEQ/MODIFY SEQ

As shown in Figure 1-79, a list of instructions appear on the analyzer display to help you create or edit a
sequence.
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Figure 1-79 Test Sequencing Help Instructions

TEST SEQUENCING

MOD IFY

To INSERT —
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RUN

To START —
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Any function inserted after cursor.

BACK SP deletes line at cursor.
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Press DONE SEQ MODIFY in SEQUENCE MENU.

Press DO SEQUENCE in SEQUENCE MENU.
All front panel keys except LOCAL are locked out until

sequence stops.

Press LOCAL to stop a running sequence.

Press CONTINUE SEQUENCE in SEQUENCE MENU to restart a

paused sequence.

Only sequence 6 is saved when instrument is turned off.

Select a softkey to start modifying a sequence —

2. To select a sequence position in which to store your sequence, press:

SEQUENCE 1 SEQ1

This choice selects sequence position #1. The default title is SEQ1 for this sequence.

Refer to "Changing the Sequence Title" on page 1-104 for information on how to modify a sequence title.

3. To create a test sequence, enter the parameters for the measurement that you wish to make. For this
example, a SAW filter measurement is set up with the following parameters:

Save/Recall ) SELECT DISK INTERNAL MEMORY
Use the front panel knob to scroll until Preset State is highlighted on the display.

RETURN RECALL STATE

Trans: FWD S21 (B/R) or TRANSMISSION

LOG MAG

(Center ) (134 ) (M/u)

(Span) (50) (M/w)

Scale Ref ) AUTOSCALE
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The previous keystrokes will create a displayed list as shown:

Start of Sequence
RECALL PRST STATE
Trans: FWD S21 (B/R)
LOG MAG
CENTER

134 M/u
SPAN

50 M/u
SCALE/DIV
AUTO SCALE

4. To complete the sequence creation, press:

DONE SEQ MODIFY

CAUTION  When you create a sequence, the analyzer stores it in volatile memory where it will be lost if
you switch off the instrument power (except for sequence #6 which is stored in the analyzer
non-volatile memory). However, you may store sequences to a floppy disk.

Running a Sequence
To run a stored test sequence, press:

and the softkey labeled with desired sequence number.

or, press:

DO SEQUENCE and the softkey labeled with the desired sequence number

Stopping a Sequence

To stop a sequence before it has finished, press (Local).

Editing a Sequence

Deleting Commands

1. To enter the creation/editing mode, press:
NEW SEQ/MODIFY SEQ

2. To select the particular test sequence you wish to modify (sequence 1 in this example), press:
SEQUENCE 1 SEQ1

3. To move the cursor to the command that you wish to delete, press:
) or ()

+ If you wish to scroll through the sequence without executing each line as you do so, you can press
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the (=) key and scroll through the command list backwards.

* If you use the (<=>) key to move the cursor through the list of commands, the commands are
actually performed when the cursor points to them. This feature allows the sequence to be tested
one command at a time.

4. To delete the selected command, press:

(backspace key)

5. Press DONE SEQ MODIFY to exit the modify (edit) mode.

Inserting a Command

1.

5.

To enter the creation/editing mode, press:

NEW SEQ/MODIFY SEQ
To select the particular test sequence you wish to modify (sequence 1 in this example), press:
SEQUENCE 1 SEQ1

To insert a command, move the cursor to the line immediately above the line where you want to insert a
new command, by pressing:

() or )

*  If you use the (x> key to move the cursor through the list of commands, the commands are
actually performed when the cursor points to them. This feature allows the sequence to be tested
one command at a time.

» If you wish to scroll through the sequence without executing each line as you do so, you can press
the (=) key and scroll through the command list backwards.

To enter the new command, press the corresponding analyzer front panel keys. For example, if you want
to activate the averaging function, press:

AVERAGING ON
Press DONE SEQ MODIFY to exit the modify (edit) mode.

Modifying a Command

1.

2.

To enter the creation/editing mode, press:

NEW SEQ/MODIFY SEQ

To select the particular test sequence you wish to modify, (sequence 1 in this example), press:
SEQUENCE 1 SEQ1

The following list is the commands entered in "Creating a Sequence" on page 1-100. Notice that for
longer sequences, only a portion of the list can appear on the screen at one time.

Start of Sequence
RECALL PRST STATE
Trans: FWD S21 (B/R)
LOG MAG
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CENTER

134 M/u
SPAN

50 M/u
SCALE/DIV
AUTO SCALE

To change a command (for example, the span value from 50 MHz to 75 MHz), move the cursor (—) next
to the command that you wish to modify, press:

) or )

+  If you use the (=) key to move the cursor through the list of commands, the commands are
actually performed when the cursor points to them. This feature allows the sequence to be tested
one command at a time.

+ If you wish to scroll through the sequence without executing each line as you do so, you can press
the (=) key and scroll through the command list backwards.

To delete the current command (for example, span value), press:

To insert a new value (for example, 75 MHz), press:
Press DONE SEQ MODIFY to exit the modify (edit) mode.

Clearing a Sequence from Memory

1.

To enter the menu where you can clear a sequence from memory, press:

MORE  CLEAR SEQUENCE

2. To clear a sequence, press the softkey of the particular sequence.

Changing the Sequence Title

If you are storing sequences on a disk, you should replace the default titles (SEQ1,
SEQ2, ...).

1.

To select a sequence that you want to retitle, press:

MORE  TITLE SEQUENCE and select the particular sequence softkey.

The analyzer shows the available title characters. The current title is displayed in the upper-left corner of
the screen.

You can create a new file name in two ways:

» Ifyou have an attached DIN keyboard, you can press the 6 function key on the keyboard and type the
new file name.

* Ifyou do not have an attached DIN keyboard, press ERASE TITLE and turn the front panel knob
to point to the characters of the new file name, pressing SELECT LETTER as you stop at each
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character.

The analyzer cannot accept a title (file name) that is longer than eight characters. Your titles must also
begin with a letter, and contain only letters and numbers.

3. To complete the titling, press DONE

Naming Files Generated by a Sequence

The analyzer can automatically increment the name of a file that is generated by a sequence using a loop
structure. (See example "Loop counter decision making" on page 1-114.)

To access the sequence file name menu, press:

. Save/Recall
*  FILE UTILITIES
*  SEQUENCE FILENAMING

This menu presents two choices:

*  FILE NAME FILEO supplies a name for the saved state or data file. This also brings up the Title File
Menu.
*  PLOT NAME PLOTFILE supplies a name for the plot file generated by a plot-to-disk command.

This also brings up the Title File Menu.
These keys show the current file name in the 2nd line of the softkey.

When titling a file for use in a loop function, you are restricted to only 2 characters in the file name due to
the 6 character length of the loop counter keyword “[LOOP].” When the file is actually written, the [LOOP]
keyword is expanded to only 5 ASCII characters (digits), resulting in a 7 character file name.

After entering the 2 character file name, press:

LOOP COUNTER DONE

Storing a Sequence on a Disk
1. To format a disk, refer to Chapter 4 , “Printing, Plotting, and Saving Measurement Results.”
2. To save a sequence to the internal disk, press:

MORE  STORE SEQ TO DISK and select the particular sequence softkey.

The disk drive access light should turn on briefly. When it goes out, the sequence has been saved.

CAUTION  The analyzer will overwrite a file on the disk that has the same title.

CAUTION Do not mistake the line switch for the disk eject button.

Loading a Sequence from Disk

For this procedure to work, the desired file must exist on the disk in the analyzer drive.
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1. To view the first six sequences on the disk, press:
MORE  LOAD SEQ FROM DISK READ SEQ FILE TITLS
+ Ifthe desired sequence is not among the first six files, press:

READ SEQ FILE TITLS until the desired file name appears.

2. Press the softkey next to the title of the desired sequence. The disk access light should illuminate briefly.

NOTE If you know the title of the desired sequence, you can title the sequence (1-6) with the
name, and load the sequence. This is also how you can control the sequence number of an
imported titled sequence.

Purging a Sequence from Disk

1. To view the contents of the disk (six titles at a time), press:

MORE STORE SEQ TO DISK PURGE SEQUENCES
READ SEQ FILE TITLS

» If the desired sequence is not among the first six files, press:

READ SEQ FILE TITLS until the desired file name appears.

2. Press the softkey next to the title of the desired sequence. The disk access light should illuminate briefly.

Printing a Sequence

1. Configure a compatible printer to the analyzer. (Refer to the “Options and Accessories” chapter of the
reference guide.)

2. To print a sequence, press:

MORE  PRINT SEQUENCE and the softkey for the desired sequence.

NOTE If the sequence is on a disk, load the sequence (as described in a previous procedure) and
then follow the printing sequence.

In-Depth Sequencing Information

Features That Operate Differently When Executed in a Sequence

The analyzer does not allow you to use the following keys in a sequence:
(=) and (X3) keys

key, and

(backspace key)
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Commands That Sequencing Completes Before the Next Sequence Command Begins

The analyzer completes all operations related to the following commands before continuing with another
sequence command:

» single sweep

* number of groups

» auto scale

* marker search

+ marker function

+ data (—) memory

» recall or save (internal or external)

» copy list values and operating parameters

+ CHANT1, CHAN2, Wait 0%

*Wait 0 is the special sequencing function WAIT x  with a zero entered for the delay value.

Commands That Require a Clean Sweep

Many front panel commands disrupt the sweep in progress, for example, changing the channel or
measurement type. When the analyzer does execute a disruptive command in a sequence, some instrument
functions are inhibited until a complete sweep is taken. This applies to the following functions:

* autoscale

* data — memory

Forward Stepping in Edit Mode

In the sequence modify mode, you can step through the selected sequence list, where the analyzer executes
each step using the (X22).

Titles

A title may contain non-printable or special ASCII characters if you download it from an external controller. A
non-printable character is represented on the display as .

Sequence Size

A sequence may contain up to 2 kbytes of instructions. Typically, this is around 200 sequence command
lines. To estimate a sequence's size (in kbytes), use the following guidelines.

Table 1-5 Guidelines for Determining the Size of a Sequence

Type of Command Sizein Bytes
Typical command 2

Title string character 1

Active entry command 1 per digit
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Embedding the Value of the Loop Counter in a Title

You can append a sequentially increasing or decreasing numeric value to the title of stored data by placing a
MORE  TITLE MORE  LOOP COUNTER command after the title string. (You must
limit the title to three characters if you will use it as a disk file name. The three-character title and five-digit
loop counter number reach the eight-character limit for disk file names.) This feature is useful in data
logging applications.

Autostarting Sequences
You can define a sequence to run automatically when you apply power to the analyzer. To make an
autostarting sequence, create a sequence in position six (SEQ6) and title it “AUTO". To stop an autostarting

sequence, press (_Local ). To stop an autostarting sequence from engaging at power on, you must clear it
from memory or rename it.

NOTE Presetting the instrument does not run the Auto Sequence automatically.

Gosub Sequence Command

The GOSUB SEQUENCE softkey, located in the Sequencing menu, activates a feature that allows the
sequence to branch off to another sequence, then return to the original sequence. For example, you could
perform an amplifier measurement in the following manner:

1. Create sequence 1 for the specific purpose of performing the gain measurement and printing the results.
This sequence will act as a sub-routine.

2. Create sequence 2 to set up a series of different input power levels for the amplifier gain measurements.
In-between each power level setting, call sequence 1 as a sub-routine by pressing
GOSUB SEQUENCE SEQUENCE 1 . Now, sequence 2 will print the measurement results for
each input power level applied to the amplifier.

NOTE The GOSUB SEQUENCE softkey branches the sequence to another sequence in a
particular location (SEQ1 through SEQ6), not to a given file name.

The GP10 Mode

The instrument's parallel port can be used in two different modes. By pressing and then toggling
the PARALLEL[ ] softkey, you can select either the [COPY] mode orthe [GPIO]  mode.

The GPIO mode switches the parallel port into a “general purpose input/output” port.

In this mode, the port can be connected to test fixtures, power supplies, and other peripheral equipment that
the analyzer can interact with through test sequencing.

TESTSET1/0

The TESTSET 1/0 interconnect on the rear panel was originally intended for use solely with the HP/Agilent
85046A/B and HP/Agilent 85047B external S-parameter test sets. Since the introduction of the 8753D, a
network analyzer with an internal test set, this test set |/0 port has become a general purpose control port
for a variety of external devices, such as the K36 or K39 test adapters and Option 014 configurations. Refer
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Table 1-6 on page 1-112 for the definition of each pin of the test set 1/0 connector.

CAUTION  +22 volts is available on the TESTSET I/0 connector. Be careful not to connect this to a
printer port or to sensitive electronic equipment.

This connector, with the limit output, TTL OUT and TESTSET I/0 outputs can also be used with part handlers
to provide control interface.

The TESTSET 1/0 bits are set using the TESTSET 1/0 FWD and TESTSET 1/0 REV keys under the

TTIL1/0 TTL OUT keys. The values of the outputs (pins 11, 22, and 23) are described in Table
1-6. The value changes with the test port, so if the external control is required for both test port directions,
the settings must be made under both TESTSET I/0 FWD and TESTSET 1/0 REV . This capability
can be used to set different external conditions in a test requiring changes between the forward and reverse
measurements, as might be needed in a high power test, for example.

TTL1/0 Menu

This menu can be accessed by pressing TTL1/0  in the Sequencing menu.

TTL Output for Controlling Peripherals Eight TTL compatible output lines can be used for controlling

equipment connected to the parallel port. By pressing TTL1/0 , you will access the following
softkeys that control the individual output bits. Refer to Figure 1-80 for output bus pin locations.

PARALLEL OUT ALL lets you input a number (0 to 255) in base 10 and outputs it to the bus as
binary.

SET BIT lets you set a single bit (0 — 7) to high on the output bus.
CLEAR BIT lets you set a single bit (0 — 7) to low on the output bus.
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TTL Input Decision Making Five TTL compatible input lines can be used for decision making in test
sequencing. For example, if a test fixture is connected to the parallel port and has a micro switch that needs
to be activated in order to proceed with a measurement, you can construct your test sequence so that it
checks the TTL state of the input line corresponding to the switch. Depending on whether the line is high or
low, you can jump to another sequence. To access these decision making functions, press

TTL1/0 . Refer to Figure 1-80 for input bus pin locations.

PARALL IN BIT NUMBER lets you select the single bit (0 — 4) that the sequence will be looking
for.

PARALLIN IF BITH lets you jump to another sequence if the single input bit you selected is in a
high state.

PARALLIN IF BITL lets you jump to another sequence if the single input bit you selected isin a
low state.

Pin assignments:

* pin 1is the data strobe

* pin 16 selects the printer

» pin 17 resets the printer

* pins 18-25 are ground

Electrical specifications for TTL high:
* volts(H) > 2.7 volts (V)

+ current = 20 microamps (pA)
Electrical specifications for TTL low:
+ volts(L) < 0.4 volts (V)

* current = 0.2 milliamps (mA)
Figure 1-80 Parallel Port Input and Output Bus Pin Locations in GPI0 Mode
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Test Set Interconnect Control

Figure 1-81 Test Set Interconnect Pin Designations
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Control of the external switch (8762B Option T24) can be done through the test set interface on the rear
panel of the analyzer.

Pin 22 (TTL 1) on the TEST SET-1/0 INTERCONNECT connector is a TTL line that changes from TTL high to
TTL low when changing TTL 1/0 FWD from 7 to 6. Refer to Figure 1-81. To change from 7 to 6, press the
following sequence:

+ Press TIL1/0 TILOUT  TESTSETI/0 FWD &) GD.

Changing the switch state back to the standard mode requires a 7 to be entered in the “TESTSET I/0
FWD.”

Pin 1 on the external switch must be grounded. It can be grounded to:

* the analyzer's chassis

+ the front panel binder post

 the outer shell of the TEST SET-1/0 INTERCONNECT connector

* aground pin on the TEST SET-I/0 INTERCONNECT connector (pin 7, 12 or 18). Refer to Figure 1-81.

Pin C (common) on the external switch (8762B Option T24) must be connected to the test set interface pin
14 (+22 volt line). Refer to Figure 1-81.

Pin 2 on the external switch, connects to pin 22 (TTL 1) on the test set interface.

The TTL1/0 can control both of the external RF switches. Both must be cascaded in parallel together.
Changing the TTL 1/0 FWD from 7 to 6 will change the external RF switch state. This changes the
measurement capability from the network analyzer to the external test measurement device. The TTL1/0
FWD when changed from 7 to 6 will reverse the process.
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Table 1-6 Test Set Interconnect Pin Designation

Pin Number Pin Description

Pin1 No Connection (NC)

Pin 2 Sweep delay: holds off sweeps until test set has finished sweeping (85046A/B and 85047B only)

Pin 3 Same as Test Sequence (TTL OUT) output BNC connector

Pin 4 NC

Pin 5 NC

Pin 6 NC

Pin7 Ground

Pin 8 Hi-forward/Low-reverse. Follows the test port indicator.

Pin 9 NC

Pin 10 Lstarttrig: Not used. Do not connect anything to this pin.

Pin 11 TESTSET I/0 Bit 2 (most significant bit). +5 V when TESTSET I/0 has values of 4,5, 6, or 7. Otherwise, bit is
TTL low.

Pin 12 Ground

Pin 13 NC

Pin 14 +22 Volts

Pin 15 NC

Pin 16 NC

Pin 17 Same as Limit Test output BNC connector

Pin 18 Ground

Pin 19 NC

Pin 20 NC

Pin 21 Ground

Pin 22 TESTSET I/0 Bit 0 (least significant bit). +5 V when TESTSET 1/0 has values of 1, 3,5, or 7. Otherwise, bit is
TTL low.

Pin 23 TESTSET I/0 Bit 1 (middle bit). +5 V when TESTSET I/0 has values of 2, 3, 6, or 7. Otherwise, bitis TTL low.

Pin 24 Lremtrig: TTL low when TEST- SET 1/0 pins are valid. This bit can be used to latch these values.

Pin 25 NC
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TTL Out Menu The TTL OUT softkey provides access to the TTL out menu. This menu allows you to
choose between the following output parameters of the TTL output signal:

* TTLOUT HIGH
* TTLOUTLOW
*  END SWEEP HIGH PULSE
* END SWEEP LOW PULSE

The TTL output signals are sent to the sequencing BNC rear panel output.

Sequencing Special Functions Menu

This menu is accessed by pressing the SPECIAL FUNCTIONS softkey in the Sequencing menu. This
menu provides access to the decision making menu and the more special functions menu. It also contains
the peripheral GPIB address and titling, wait x, pause, and marker — CW functions.

Sequence Decision Making Menu

This menu is accessed by pressing the DECISION MAKING softkey in the Sequencing Special
Functions menu.

Decision making functions are explained in more detail in the following section. These functions check a
condition and jump to a specified sequence if the condition is true. The sequence called must be in memory.
A sequence call is a one-way jump. A sequence can jump to itself, or to any of the other five sequences
currently in memory. Use of these features is explained under the specific softkey descriptions.

Decision Making Functions

Decision making functions jump to a softkey location, not to a specific sequence title Limit test, loop
counter, and do sequence commands jump to any sequence residing in the specified sequence position (1
through 6). These commands do not jump to a specific sequence title. Whatever sequence is in the selected
softkey position, will run when these commands are executed.

Having a sequence jump to itself A decision making command can jump to the sequence it is in. When
this occurs, the sequence starts over and all commands in the sequence are repeated. This is used a great
deal in conjunction with loop counter commands. See the loop counter description that follows.

TTL input decision making TTL input from a peripheral connected to the parallel port (in the GPIO mode)
can be used in a decision making function. Refer to "The GPI0 Mode" on page 1-108.

Limit test decision making A sequence can jump to another sequence or start over depending on the
result of a limit test. When entered into a sequence, the IF LIMIT TEST PASS and
IF LIMIT TEST FAIL commands require you to enter the destination sequence.
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Loop counter decision making The analyzer has a numeric register called a loop counter. The value of this
register can be set by a sequence, and it can be incriminated or decremented each time a sequence repeats
itself. The decision making commands IF LOOP COUNTER =0 and IF LOOP COUNTER <> 0

jump to another sequence if the stated condition is true. When entered into the sequence, these commands
require you to enter the destination sequence. Either command can jump to another sequence, or restart the
current sequence.

As explained in "Embedding the Value of the Loop Counter in a Title" on page 1-108, the loop counter value
can be appended to a title. This allows customized titles for data printouts or for data files saved to disk.
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Using Test Sequencing to Test a Device

Test sequencing allows you to automate repetitive tasks. As you make a measurement, the analyzer
memorizes the keystrokes. Later you can repeat the entire sequence by pressing a single key.

This section contains the following example sequences:

» “Cascading Multiple Example Sequences”

*  "Loop Counter Example Sequence" on page 1-116

*  "Generating Files in a Loop Counter Example Sequence" on page 1-117

+ "Limit Test Example Sequence" on page 1-119

Cascading Multiple Example Sequences

By cascading test sequences, you can create subprograms for a larger test sequence. You can also cascade
sequences to extend the length of test sequences to greater than 200 lines.

In this example, you are shown two sequences that have been cascaded. You can do this by having the last
command in sequence 1 call sequence position 2, regardless of the sequence title. Because sequences are
identified by position, not title, the call operation will always go to the sequence loaded into the given
position.

1. To create the example multiple sequences, press:

NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ1

(Center ) (134 ) (M/u)

(Span) (50 ) (M/w)

DO SEQUENCE SEQUENCE 2
DONE SEQ MODIFY
NEW SEQ/MODIFY SEQ SEQUENCE 2 SEQ2

Trans: FWD S21 (B/R) or on ET models: TRANSMISSN
LOG MAG

AUTOSCALE

DONE SEQ MODIFY

The following sequences will be created:

SEQUENCE SEQ1
Start of Sequence
CENTER

134 M/u
SPAN

50 M/u
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DO SEQUENCE
SEQUENCE 2

SEQUENCE SEQ2

Start of Sequence
Trans:FWD S21 (B/R)
LOG MAG

SCALE/DIV

AUTO SCALE

You can extend this process of calling the next sequence from the last line of the present sequence to 6
internal sequences, or an unlimited number of externally stored sequences.

2. To run both sequences, press:

SEQUENCE 1 SEQ1

Loop Counter Example Sequence

This example shows you the basic steps necessary for constructing a looping structure within a test
sequence. A typical application of this loop counter structure is for repeating a specific measurement as you
step through a series of CW frequencies or dc bias levels. For an example application, see "Fixed IF Mixer
Measurements" on page 2-26.

1. To create a sequence that will set the initial value of the loop counter, and call the sequence that you
want to repeat, press:

NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ1
SPECIAL FUNCTIONS DECISION MAKING

LOOP COUNTER
DO SEQUENCE SEQUENCE 2
DONE SEQ MODIFY

This will create a displayed list as shown:

SEQUENCE LOOP 1
Start of Sequence
LOOP COUNTER
10x1
DO SEQUENCE
SEQUENCE 2
To create a second sequence that will perform a desired measurement function, decrement the loop
counter, and call itself until the loop counter value is equal to zero, press:

NEW SEQ/MODIFY SEQ SEQUENCE 2 SEQ2

Trans: FWD S21 (B/R) or on ET models: TRANSMISSN

Scale Ref ) AUTO SCALE
( Marker Search ) SEARCH: MAX

SPECIAL FUNCTIONS DECISION MAKING
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DECR LOOP COUNTER IF LOOP COUNTER 0
SEQUENCE 2 SEQ2

DONE SEQ MODIFY

This will create a displayed list as shown:

SEQUENCE LOOP 2

Start of Sequence

Trans:FWD S21 (B/R)

SCALE/DIV

AUTO SCALE

MKR Fctn

SEARCH MAX

DECR LOOP COUNTER

IF LOOP COUNTER <> 0 THEN DO
SEQUENCE 2

To run the loop sequence, press:

SEQUENCE 1 SEQ1

Generating Files in a Loop Counter Example Sequence

This example shows how to increment the names of files that are generated by a sequence with a loop
structure.

NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ 1
SPECIAL FUNCTIONS DECISION MAKING

LOOP COUNTER
Save/Recall) SELECT DISK INTERNAL DISK

RETURN  DEFINE DISK-SAVE DATA ONLY ON
SET ADDRESSES PLOTTER PORT DISK
DO SEQUENCE SEQUENCE 2

DONE SEQ MODIFY

NEW SEQ/MODIFY SEQ SEQUENCE 2 SEQ 2

FILE UTILITIES SEQUENCE FILE NAMING
FILE NAME FILEO ERASE TITLE

D T LOOPCOUNTER DONE

PLOT NAME PLOTFILE ERASE TITLE

P L LOOPCOUNTER DONE  RETURN

TRIGGER MENU SINGLE
Save/Recall ) SAVE STATE
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PLOT

SPECIAL FUNCTIONS DECISION MAKING
DECR LOOP COUNTER IF LOOP COUNTER 0
SEQUENCE 2 SEQ 2

DONE SEQ MODIFY
This will create the following displayed lists:

Start of Sequence
LOOP COUNTER
7 x1
INTERNAL DISK
DATA ONLY
ON
DO SEQUENCE
SEQUENCE 2

Start of Sequence
FILE NAME
DT [LOOP]
PLOT NAME
PL [LOOP]
SINGLE
SAVE FILE O
PLOT
DECR LOOP COUNTER
IF LOOP COUNTER <> 0 THEN DO
SEQUENCE 2

Sequence 1 initializes the loop counter and calls sequence 2. Sequence 2 repeats until the loop counter
reaches 0. For each loop, it takes a single sweep, saves the data file and plots the display.

* The data file names generated by this sequence will be:
DT00007.D1
through
DT000001.D1

» The plot file names generated by this sequence will be:
PLO00Q7.FP
through
PL0O0001.FP

To run the sequence, press:

SEQUENCE 1 SEQ 1
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Limit Test Example Sequence

This measurement example shows you how to create a sequence that will branch the sequence according
to the outcome of a limit test. Refer to "Using Limit Lines to Test a Device" on page 1-74, for a procedure that
shows you how to create a limit test.

For this example, you must have already saved the following in register 1:
* device measurement parameters

» aseries of active (visible) limit lines

* an active limit test

1. To create a sequence that will recall the desired instrument state, perform a limit test, and branch to
another sequence position based on the outcome of that limit test, press:

NEW SEQ MODIFY SEQUENCE 1 SEQ1

RECALL KEYS RECALLKEYS MENU RECALL REG1
SPECIAL FUNCTIONS DECISION MAKING

IF LIMIT TEST PASS SEQUENCE 2 SEQ2

IF LIMIT TEST FAIL SEQUENCE 3 SEQ3

DONE SEQ MODIFY

This will create a displayed list for sequence 1, as shown:

Start of Sequence

RECALL REG 1

IF LIMIT TEST PASS THEN DO
SEQUENCE 2

IF LIMIT TEST FAIL THEN DO
SEQUENCE 3

2. To create a sequence that stores the measurement data for a device that has passed the limit test, press:

NEW SEQ MODIFY SEQUENCE 2 SEQ2
Save/Recall) SELECT DISK INTERNAL DISK RETURN
DEFINE DISK-SAVE DATA ARRAY ON RETURN  SAVE STATE

DONE SEQ MODIFY

This will create a displayed list for sequence 2, as shown:

Start of Sequence
INTERNAL DISK
DATA ARRAY

ON

FILENAME

FILE O

SAVE FILE

1-119



Making Measurements
Using Test Sequencing to Test a Device

3. To create a sequence that prompts you to tune a device that has failed the limit test, and calls sequence
1 to retest the device, press:

NEW SEQ/MODIFY SEQ SEQUENCE 3 SEQ3

(Display) MORE  TITLE
T U NGEDE V I C E DONE

SPECIAL FUNCTIONS PAUSE  RETURN
DO SEQUENCE SEQUENCE 1 SEQ1

DONE SEQ MODIFY

This will create a displayed list for sequence 3, as shown:

Start of Sequence
TITLE

TUNE DEVICE
SEQUENCE

PAUSE

DO SEQUENCE
SEQUENCE 1

You will see the “tune device” prompt in the title area or the sequence will pause until you press the
CONTINUE SEQUENCE key.
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Single Connection Multiple Measurement Configuration
(Option 014 Only)

Single connection multiple measurements (SCMM) can be configured with Option 014 analyzers. Using the
PORT 1 SWITCH/COUPLER and the PORT 2 SWITCH/COUPLER ports, you can insert a switch which can
then connect other test instruments through the analyzer to the DUT. This makes it easy to make several
different types of measurements without having to disconnect your device under test from the test ports.
Refer to Figure 1-82.

Figure 1-82 Single Connection Multiple Measurement Configuration
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NOTE The common port of the external switches MUST be connected to the PORT 1 and PORT 2
COUPLER access PORTS.

External switches can be controlled by an external switch driver like the HP/Agilent 11713A
Attenuator/Switch Driver. The TEST SET-1/0 INTERCONNECT connector located on the rear panel of the
analyzer, can also control external switches. Refer to Figure 1-81 on page 1-111. Table 1-6 on page 1-112
contains a complete list of this connector’s pins.

Controlling External Switches

The following are different ways to control the external switches used in the SCMM mode of operation. The
analyzer is used as the controller.

Manual

The test set |/0 may be set using the following keystrokes: TILI/0  TTLOUT
TESTSET 1/0 FWD or TESTSET 1/0 REV

Enter (6) for external operation and for normal or standard operation.

Sequencing Program:

The test set |/0 may be set using the test sequencing function in the analyzer. The following is an example
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of how to setup the analyzer.

Press the following key sequence:

NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ1

TTL1/0 TTL OUT TESTSET 1/0 FWD

(6) TESTSET 1/0 REV

() RETURN RETURN

DONE SEQ MODIFY MORE

TITLE SEQUENCE SEQUENCE 1 SEQ1 ERASE TITLE

Rotate the knob on the front panel and select the following:

E SELECT LETTER

X  SELECT LETTER

T SELECT LETTER

DONE  RETURN

NEW SEQ/MODIFY SEQ SEQUENCE 2 SEQ2 TIL1/0 TTIL OUT
TESTSET 1/0 FWD

TESTSET 1/0 REV

RETURN RETURN DONE SEQ MODIFY

MORE  TITLE SEQUENCE SEQUENCE 1 SEQ1 ERASE TITLE
Rotate the knaob on the front panel and select the following:

S SELECT LETTER
T SELECT LETTER
D SELECT LETTER
DONE RETURN

Preset the instrument. Display softkeys should show SEQUENCE 1 EXT SEQUENCE 2 STD

Sequence program example for EXT: (as displayed on the analyzer)
Start of Sequence
TESTSET I/0O FWD
6
x1
TESTSET I/0O REV
6
x1
1972 empty bytes available.

GPIB Commands
TSTIOFWD7; TSTIOFWDG6; TSTIOREV7; TSTIOREVS;
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Using This Chapter
This chapter contains the following:

» Information on mixer measurement capabilities.
* Information on mixer measurement considerations.

* Example procedures for making the following mixer measurements;

— Conversion loss using the frequency offset mode

— High dynamic range swept RF/IF conversion loss

— High dynamic range configuration with Option 014

— Fixed IF measurements

— Group delay measurements

— Amplitude and phase tracking

— Conversion compression using the frequency offset mode
— Isolation Measurements

— SWR/Return Loss
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Mixer Measurement Capabilities

The analyzer is capable of measuring the following mixer (frequency converter) parameters:

Figure 2-1 Mixer Parameters
Conversion Loss RF Feedthru
Conversion Compression Phase Linearity
RF Desensitization Group Delay (Compared to Reference)
_’.
Output Power Harmonics
RF Port @ ® |F Port
Ir‘”"" Isolation
Return Loss i
SWR !
I
LO Port
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+ Transmission characteristics include conversion loss, conversion compression, group delay, and RF
feedthrough.

» Reflection characteristics include return loss, SWR and complex impedance.

» Characteristics of the signal at the output port include the output power, the spurious or harmonic
content of the signal, and intermodulation distortion.

+ Other parameters of concern are isolation terms, including LO to RF isolation and LO to IF isolation.

NOTE This chapter uses the following 3 terms when referring to mixer signals:

LO Local Oscillator. LO is normally provided by an external source or internally generated
by the frequency converter.

IF  Intermediate Frequency. IF is usually the mixer’s output signal.

RF  Radio Frequency. RF is usually the mixer’s input signal.
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Measurement Considerations

In mixer transmission measurements, you have RF and LO inputs and an IF output. Also emanating from the
IF port are several other mixing products of the RF and LO signals. In mixer measurements, leakage signals
from one mixer port propagate and appear at the other two mixer ports. These unwanted mixing products or
leakage signals can cause distortion by mixing with a harmonic of the analyzer's first down-conversion
stage.

To ensure successful mixer measurements, the following measurement challenges must be taken into
consideration:

* Mixer Considerations

(4 “Minimizing Source and Load Mismatches”

[ "Reducing the Effect of Spurious Responses" on page 2-5

(d "Eliminating Unwanted Mixing and Leakage Signals" on page 2-5
* Analyzer Operation

(4 "How RF and IF Are Defined" on page 2-7
"Frequency Offset Mode Operation” on page 2-10
"LO Frequency Accuracy and Stability" on page 2-10

"Differences Between Internal and External R Channel Inputs"” on page 2-10

I S Wi W

"Power Meter Calibration" on page 2-12

Minimizing Source and Load Mismatches

When characterizing linear devices, you can use vector accuracy enhancement to mathematically remove
all systematic errors, including source and load mismatches, from your measurement. This is difficult when
the device you are characterizing is a mixer where the input and output signals are at different frequencies.
Therefore, source and load mismatches are not corrected for and will add to overall measurement
uncertainty.

You should place attenuators at all of the test ports to reduce the measurement errors associated with the
interaction between mixer port matches and system port matches. To avoid overdriving the receiver, you
should give extra care to selecting the attenuator located at the mixer's IF port to avoid overdriving the
receiver. For best results, you should choose the attenuator value so that the power incident on the analyzer
R channel input is less than —10 dBm and greater than —35 dBm.
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Figure 2-2 Conversion Loss versus Output Frequency without Attenuators at Mixer Ports
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Figure 2-3 Example of Conversion Loss versus Qutput Frequency with Attenuation at All Mixer Ports
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Reducing the Effect of Spurious Responses

By choosing test frequencies (frequency list mode), you can reduce the effect of spurious responses on
measurements by avoiding frequencies that produce IF signal path distortion.

Eliminating Unwanted Mixing and Leakage Signals

By placing filters between the mixer's IF port and the receiver's input port, you can eliminate unwanted
mixing and leakage signals from entering the analyzer's receiver. Filtering is required in both fixed and
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broadband measurements. Therefore, when configuring broad-band (swept) measurements, you may need
to trade some measurement bandwidth for the ability to more selectively filter signals entering the analyzer
receiver.

Figure 2-4 Example of Conversion Loss versus Output Frequency without Correct IF Signal Path
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Figure 2-5 Example of Conversion Loss versus Qutput Frequency with Correct IF Signal Path Filtering
and Attenuation at All Mixer Ports
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How RF and IF Are Defined

When you choose between RF <LO and RF> L0 in the frequency offset menus, the analyzer
determines which direction the internal source must sweep in order to achieve the requested IF frequency.

For example, to measure the lower sideband of a mixer, where the RF signal is below the LO ( RF<LO ),
the internal source must sweep backwards. See the examples in Figure 2-6.
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Figure 2-6 Examples of Up Converters and Down Converters
RF > LO RF < LO
" IF RF
100 to 500 MHz 1100 to 1500 MHz 400 to 100 MHz B00 to 800 MHz
MIXER INPUT MIXER OUTPUT MIXER INPUT MIXER OUTPUT
LO LO
1000 MHz 1000 MHz
MIXER INPUT MIXER INPUT
MIXER MIXER
MIXER INPUT INPUT MIXER QUTPUT MIXER INPUT MIXER QUTPUT INPUT
‘ > | T [
l I MHz [ | » MHz
0 100 500 1000 1100 1500 0 100 400 600 900 1000
IF Lo RF IF RF Lo

SOURCE SWEEPS FROM 100 ta 500 MHz
RECEIVER IS TUNED TO 1100 ta 1500 MHz
SOURCE SWEEPS UP IN FREQUENCY

Example of an Upconverter with RF>LO

RF IF
1100 to 1500 MHz 100 to 500 MHz
MIXER INPUT MIXER OUTPUT
Lo
1000 MHz
MIXER INPUT
MIXER
MIXER QUTPUT INPUT MIXER INPUT
| >
fMHZ
0 100 500 1000 1100 1500
IF LO RF

SOURCE SWEEPS FROM 1100 to 1500 MHz
RECEIVER IS TUNED TO 100 to 500 MHz
SOURCE SWEEPS UP IN FREQUENCY

Example of a Downconverter with RF>LO

SOURCE SWEEPS FROM 400 to 100 MHz
RECEIVER IS TUNED TO 600 to 900 MHz
SOURCE SWEEPS DOWN IN FREQUENCY

Example of an Upconverter with RF<LO

RF < LO

RF IF
900 to 600 MHz 100 to 400 MHz
MIXER INPUT MIXER OUTPUT
Lo
1000 MHz
MIXER INPUT
MIXER
MIXER OUTPUT MIXER [INPUT INPUT
| T > i
MHz
0] 100 400 600 900 1000
IF RF LO

SOURCE SWEEPS FROM 900 to 600 MHz
RECEIVER IS TUNED TO 100 to 400 MHz
SOURCE SWEEPS DOWN IN FREQUENCY

Example of a Downconverter with RF<LO
pb663d

In standard mixer measurements, the input of the mixer is always connected to the analyzer's RF source,
and the output of the mixer always produces the IF frequencies that are received by the analyzer's receiver.

However, the ports labeled RF and IF on most mixers are not consistently connected to the analyzer's source
and receiver ports, respectively. These mixer ports are switched, depending on whether a down converter or

an up converter measurement is being performed.

Itis important to keep in mind that in the setup diagrams of the frequency offset mode, the analyzer's source
and receiver ports are labeled according to the mixer port to which they are connected.

* In a down converter measurement where the DOWN CONVERTER

softkey is selected, the

notation on the analyzer's setup diagram indicates that the analyzer's source frequency is labeled RF,
connecting to the mixer RF port, and the analyzer's receiver frequency is labeled IF, connecting to the

mixer IF port.

Because the RF frequency can be greater or less than the set LO frequency in this type of measurement,

you can select either RF > L0 or RF<LO
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Figure 2-7 Down Converter Port Connections
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* Inan up converter measurement where the UP CONVERTER softkey is selected, the notation on
the setup diagram indicates that the analyzer's source frequency is labeled IF, connecting to the mixer IF
port, and the analyzer's receiver frequency is labeled RF, connecting to the mixer RF port.

Because the RF frequency can be greater or less than the set LO frequency in this type of measurement,
you can select either RF > L0 or RF<LO

Figure 2-8 Up Converter Port Connections
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Frequency Offset Mode Operation

This mode of operation allows you to offset the analyzer's source by a fixed value, above or below the
analyzer's receiver. That is, this allows you to use a device input frequency range that is different from the
receiver input frequency range.

Mixers or frequency converters, by definition, exhibit the characteristic of having different input and output
frequencies. Mixer tests can be performed using the frequency offset operation of the analyzer (with an
external LO source) or using the tuned receiver operation of the analyzer (with both an external RF and an
external LO source). The most common and convenient method used is frequency offset.

Frequency offset measurements do not begin until all of the frequency offset mode parameters are set.
These include the following:

+ Start and Stop IF Frequencies

+ LO frequency

* Up Converter / Down Converter
* RF>L0/RF<LO

The LO frequency for frequency offset mode must be set to the same value as the external LO source. The
offset frequency between the analyzer source and receiver will be set to this value.

For a single-sideband mixer measurement, the RF source can be offset in frequency from the input receiver
frequency, allowing for a swept RF stimulus over one frequency range and measurement of the IF response
over another (in this case the output IF).

When frequency offset mode operation begins, the receiver is tuned to the entered IF signal frequencies and
then offsets the source frequency required to produce the IF. Therefore, since it is the analyzer receiver that
controls the source, it is only necessary to set the start and stop frequencies from the receiver.

LO Frequency Accuracy and Stability

The analyzer source is phaselocked to its receiver through a reference loop. In the frequency offset mode,
the mixer under test is inserted in this loop. To ensure that the analyzer phaselocks correctly, it is important
that you use an LO source that has frequency accuracy better than +1 MHz and residual FM < 20 kHz RMS.

Differences Between Internal and External R Channel Inputs

Due to internal losses in the analyzer's test set, the power measured internally at the R channel is 16 dB
lower than that of the source. To compensate for these losses, the traces associated with the R channel
have been offset 16 dB higher. As a result, power measured directly at the R channel via the R CHANNEL IN
port will appear to be 16 dB higher than its actual value. If power meter calibration is not used, this offset in
power must be accounted for with a receiver calibration before performing measurements.
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The following steps can be performed to observe this offset in power:

1. To set the power range to manual, press:

PWR RANGE MAN @)

Setting the power range to manual prevents the internal source attenuator from switching when
changing power levels. If you choose a different power range, the R channel offset compensation and R
channel measurement changes by the amount of the attenuator setting.

2. Connect the analyzer source output, port 1, directly to the R channel input as shown in Figure 2-9.

CAUTION  To prevent connector damage, use an adapter (part number 1250-1462) as a connector saver
for R CHANNEL IN.

Figure 2-9 R Channel External Connection

NETWORK ANALYZER
4 A
1 2 Rn
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3. To activate the frequency offset mode, press:

INSTRUMENT MODE
FREQ OFFS MENU
FREQ OFFS ON
Since the LO (offset) frequency is still set to the default value of 0 Hz, the analyzer will operate normally.
4. Measure the output power in the R channel by pressing:
INPUT PORTS R

Observe the 13 to 16 dB offset in measured power. The actual input power level to the R channel input
must be 0 dBm or less, —10 dBm typical, to avoid receiver saturation effects. The minimum signal level
must be greater than —35 dBm to provide sufficient signal for operation of the phaselock loop.

5. You cannot trust R channel power settings without knowing about the offset involved. Perform a receiver
calibration to remove any power offsets by pressing:

RECEIVER CAL @)
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TAKE RCVR CAL SWEEP

Once completed, the R channel should display 0 dBm. Changing power ranges will require a recalibration
of the R channel.

Power Meter Calibration

Mixer transmission measurements are generally configured as follows:

measured output power (Watts) / set input power (Watts)

OR

measured output power (dBm) — set input power (dBm)

For this reason, the set input power must be accurately controlled in order to ensure measurement accuracy.

The amplitude variation of the analyzer is specified at £1 dB over any given source frequency. This may give
a maximum 2 dB error for a mixer transmission test setup: =1 dB for the source over the IF range during
measurement and =1 dB over the RF range during measurement.

Higher measurement accuracy may be obtained through the use of power meter calibration. You can use
power meter calibration to correct for power offsets, losses, and flatness variations occurring between the
analyzer source and the input to the mixer under test. Refer to the power meter documentation for its
calibration procedures.
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Conversion Loss Using the Frequency Offset Mode

Conversion loss is the measure of efficiency of a mixer. It is the ratio of side-band IF power to RF signal
power, and is usually expressed in dB. The mixer translates the incoming signal, (RF), to a replica, (IF),
displaced in frequency by the local oscillator, (LO). Frequency translation is characterized by a loss in signal
amplitude and the generation of additional sidebands. For a given translation, two equal output signals are
expected, a lower sideband and an upper sideband.

Figure 2-10  An Example Spectrum of RF, LO, and IF Signals Present in a Conversion Loss
Measurement
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The following procedure describes the R channel swept IF frequency conversion loss measurement of a
broadband component mixer with power meter calibration. For this example, we will use the following
example settings. For your measurement, you will need to use settings specific to your measurement.

Settings Used for this Example
* LO frequency of 1 GHz (1000 MHz)
* RF start frequency of 650 MHz

* RF stop frequency of 900 MHz

+ |F start frequency of 100 MHz

» |F stop frequency of 350 MHz

+ RF<LO

*  Down convertor

TIP For ease of use, the RF frequency range needs to be the same as the network analyzer’s
frequency range limit.
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Setting Measurement Parameters for the Power Meter Calibration

1. Connect the measurement equipment as shown in Step 1 of Figure 2-11.

Figure 2-11  Connections for R Channel and Source Calibration
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CAUTION  Note that the front panel jumper between R In and R OQut must remain installed during the
procedure steps that use the connections in Step 1 of Figure 2-11.

2. From the front panel of the analyzer, set the desired receiver (RF) frequency and source output power by
pressing:

INSTRUMENT MODE FREQ OFFS MENU

(CStart ) (650 ) (M/u) (Stop ) (950 ) (M/w)

Note that these are the example RF start and stop frequencies. Enter the RF start and stop
frequencies for your measurement instead.

If the LO frequency is not set to 0 Hz, press:
LO MENU FREQUENCY: CW @)

3. To select the measurement trace, press:

INPUT PORTS R
The measurement trace is shown on the display.

4. Select the analyzer as the system controller:

SYSTEM CONTROLLER
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Performing a Power Meter (Source) Calibration Over the RF Range

1. Calibrate and zero the power meter.

2. Setthe power meter's address:

SET ADDRESSES
ADDRESS: P MTR/GPIB (where aa is the GPIB address of the power meter)
3. Select the appropriate power meter by pressing POWER MTR [ ] until the correct model number is

displayed (Agilent 436A or Agilent 438A/437).

NOTE The Agilent E4418B and E4419B (EPM) power meters have a “437emulation” mode which
can be used in this procedure by following these steps.

* If you are using an Agilent EPM power sensor and your network analyzer has firmware
revision 7.72 or greater:

a. Select the remote interface command set on the power meter by pressing the System
Inputs key and the following softkeys: Remote Interface, Command Set, SCPI

b. Skip step 4 and continue at step 5.
The power sensor factors are automatically read by the analyzer.

» Ifyou are using an Agilent 848X-series power sensor or your network analyzer does not
have firmware revision 7.72 or greater:

a. Choose the 438A/437 selection on the network analyzer by pressing:

SET ADDRESSES
POWER MTR [ ] until it reads POWER MTR: [438A/437]

b. Selectthe remote interface command set on the power meter by pressing the System
Inputs key and the following softkeys: Remote Interface, Command Set, 437B

4. Press PWRMTR CAL LOSS/SENSR LISTS CAL FACTOR SENSOR A and enter
the correction factors as listed on the power sensor. Press ADD  FREQUENCY (where fffis

the frequency of the calibration factor in MHz) CAL FACTOR (where nnn is the
calibration factor number) DONE for each correction factor. When finished, press DONE
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5. To perform a one sweep power meter calibration over the RF frequency range at 0 dBm, press:

PWRMTR CAL ONESWEEP  (0) TAKE CAL SWEEP

NOTE Because power meter calibration requires a longer sweep time, you may want to reduce the
number of points before pressing TAKE CAL SWEEP . After the power meter
calibration is finished, return the number of points to its original value and the analyzer will
automatically interpolate this calibration.

6. Make sure the power meter calibration is on. When the power meter calibration is on, “PC” is displayed
at the left edge of the display. Refer to Figure 2-15 on page 2-19 for an example.

7. From the front panel of the analyzer, set the desired IF start and stop frequencies by pressing:

INSTRUMENT MODE FREQ OFFS MENU

CStart ) (100 ) (M/u) (Stop ) (350 ) (M/w)

Note that these are the example IF start and stop frequencies. Enter the IF start and stop
frequencies for your measurement instead.

8. To calibrate the R channel over the IF range, connect the equipment as shown in Step 2 of Figure 2-11.

NOTE An error message will be displayed while the R In port is disconnected. Ignore this error
message until R In port is reconnected.

9. Press CALIBRATE MENU RECEIVER CAL )
TAKE RCVR CAL SWEEP

[ The low pass filter is required to limit the range of frequencies passed into the R channel input port.
The filter is selected to pass the IF frequencies for the measurement but prevent the LO feedthrough
and unwanted mixer products from confusing the phase-lock loop operation.

(1 A pad is used to isolate the filter and improve the IF port match for the mixer.

Once completed, the display should read 0 dBm.

10. Save the power meter and receiver calibration to an instrument state by pressing (Save/Recall
SAVE STATE

2-16



Making Mixer Measurements
Conversion Loss Using the Frequency Offset Mode

Setting the Analyzer to Make an R Channel Measurement

1. Connect the equipment as shown in Figure 2-12.

Figure 2-12  R-Channel Mixer Measurement Equipment Setup
NETWORK ANALYZER

550 MHz

Low Pass Filter
3dB
10dB

External
LO Source
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NOTE An error message will be displayed while the R In port is disconnected. Ignore this error
message until step 3 is complete.

The analyzer is now displaying the conversion loss of the mixer calibrated with power meter accuracy.

2. While the analyzer is still set to the IF frequency range, set the frequency offset mode LO frequency from
the analyzer by pressing:

INSTRUMENT MODE FREQ OFFS MENU
LO MENU FREQUENCY:CW 1000

Note that this is the example LO frequency. Enter the LO frequency for your measurement instead.

The LO menu is used to set only the LO CW frequency. All other settings apply when using the
HP/Agilent 8625A external source.

3. To select the converter type and a high-side LO measurement configuration, press:

RETURN DOWN CONVERTER RF<LO

Note that these are the example settings. Enter the settings for your measurement instead.
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4. Turn on frequency offset operation by pressing FREQS OFFS ON

Notice in this high-side LO, down conversion configuration, the analyzer's source is actually sweeping
backwards, as shown in Figure 2-13.

The measurement setup diagram is shown in Figure 2-14.. Note the RF frequency values are shown in
this illustration.

Figure 2-13  Diagram of Measurement Frequencies
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Figure 2-14. Measurement Setup from Display
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5. To view the conversion loss in the best vertical resolution, press (Scale Ref ) AUTOSCALE

Figure 2-15  Conversion Loss Example Measurement
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In this measurement, you set the input power and measured the output power. Figure 2-15 shows the
absolute loss through the mixer versus mixer output frequency. If the mixer under test contained built-in
amplification, then the measurement results would have shown conversion gain.

2-19



Making Mixer Measurements
High Dynamic Range Swept RF/IF Conversion Loss

High Dynamic Range Swept RF/IF Conversion Loss

The frequency offset mode enables the testing of high dynamic range frequency converters (mixers), by
tuning the analyzer's high dynamic range receiver above or below its source, by a fixed offset. This capability
allows the complete measurement of both pass and reject band mixer characteristics.

The analyzer has a 35 dB dynamic range limitation on measurements made directly with its R (phaselock)
channel. For this reason, the measurement of high dynamic range mixing devices (such as mixers with built
in amplification and filtering) with greater than 35 dB dynamic range must be made on either the analyzer's
A or B channel, with a reference mixer providing input to the analyzer's R channel for phaselock.

This example describes the swept IF conversion loss measurement of a mixer and filter. The output filtering
demonstrates the analyzer's ability to make high dynamic range measurements.

Set Measurement Parameters for the IF Range

Set the following analyzer parameters:

CStart) (100) (M/w) (Stop) (M) (G/In)
PWR RANGE MAN
NUMBER of POINTS

Perform a Power Meter Calibration Over the IF Range

1. Calibrate and zero the power meter.

2. Connect the measurement equipment as shown in Figure 2-16.

CAUTION  To prevent connector damage, use an adapter (part number 1250-1462) as a connector saver
for R CHANNEL IN.
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Figure 2-16  Connections for Power Meter Calibration
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3. Select the analyzer as the system controller:

SYSTEM CONTROLLER
4. Setthe power meter's address:
SET ADDRESSES
ADDRESS: P MTR/GPIB (where aa is the power meter GPIB address)

5. Select the appropriate power meter by pressing POWER MTR [ ] until the correct model number is
displayed (436A or 438A/437).

NOTE The E4418B and E4419B power meters have a “437 emulation” mode. This allows these
power meters, with an 848X-series power sensor, to be used with the network analyzer. In
this step, when selecting a power meter, choose the 438A/437 selection.

6. Press PWRMTR CAL LOSS/SENSR LISTS CAL FACTOR SENSOR A and enter
the correction factors as listed on the power sensor. Press ADD  FREQUENCY (where fffis
the frequency in MHz) CAL FACTOR (where nnn is the calibration factor number)
DONE  for each correction factor. When finished, press DONE ~ RETURN

7. Perform a one sweep power meter calibration over the IF frequency range at —5 dBm:
ONE SWEEP

TAKE CAL SWEEP
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NOTE Because power meter calibration requires a longer sweep time, you may want to reduce the

number of points before pressing TAKE CAL SWEEP . After the power meter
calibration is finished, return the number of points to its original value and the analyzer will
automatically interpolate this calibration.

Perform a Receiver Calibration Over the IF Range

1. Connect the measurement equipment as shown in Figure 2-17.

Figure 2-17  Connections for Receiver Calibration
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2. To calibrate the B-channel over the IF range, press:

INPUT PORTS B
CALIBRATE MENU RECEIVER CAL TAKE RCVR CAL SWEEP

Once completed, the analyzer should display —5 dBm.

Set the Analyzer to the RF Frequency Range

You can find the RF frequency range by using a simple calculation or using the mixer measurement diagram
on the analyzer display.

Using the Calculation

Add the LO frequency to the IF frequency start and stop values. If using an LO frequency of 1500 MHz, the RF
start frequency would be 1.6 GHz (1500 + 100 MHz) and the stop frequency would be 2.5 GHz (1500 + 1000
MHz).
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Using the Mixer Measurement Diagram

While the analyzer is still set to the IF frequency range, press:

INSTRUMENT MODE FREQ OFFS MENU
LO MENU FREQUENCY:CW 1500
RETURN RETURN DOWN CONVERTER RF > LO

Note the RF frequency values on the diagram.

Press (Start ) (1.6 ) (G/n) (Stop ) (2.5 ) (G/n).

Perform a Power Meter Calibration Over the RF Range

1. Connect the equipment as shown in Figure 2-18.

Figure 2-18  Connections for Power Meter Calibration
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2. Use the previous power meter settings.

3. Perform a one sweep power meter calibration over the RF frequency range at =5 dBm:

PWRMTR CAL
ONE SWEEP

TAKE CAL SWEEP

Perform the High Dynamic Range Measurement

1. Return the analyzer to the IF frequency range. Press (Start ) (100 ) (M/u) (Stop ) (GIn).

2. Make the connections shown in Figure 2-19.

3. Setthe LO source to the desired CW frequency of 1500 MHz and power level to 13 dBm.
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Figure 2-19  Connections for a High Dynamic Range Swept IF Conversion Loss Measurement
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4. Set the analyzers LO frequency to match the frequency of the LO source by pressing:

INSTRUMENT MODE FREQ OFFS MENU LO MENU
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FREQUENCY: CW 1500

5. To select the converter type and low-side LO measurement configuration, press:

RETURN DOWN CONVERTER RF > LO FREQ OFFS ON

In this low-side LO, down converter measurement, the analyzer's source frequency range will be offset
higher than the receiver frequency range. The source frequency range can be determined from the
following equation:

receiver frequency range (100 — 1000 MHz) + LO frequency (1500 MHz) = 1.6 — 2.5 GHz

6. To view the conversion loss in the best vertical resolution, press:

VIEW MEASURE Scale Ref ) AUTOSCALE

Figure 2-20 shows the conversion loss of this low-side LO mixer with output filtering. Notice that the
dynamic range from the pass band to the noise floor is well above the dynamic range limit of the R
Channel. If the mixer under test also contained amplification, then this dynamic range would have been
even greater due to the conversion gain of the mixer.

Figure 2-20  Example of Swept IF Conversion Loss Measurement
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Fixed IF Mixer Measurements

A fixed IF can be produced by using both a swept RF and LO that are offset by a certain frequency. With
proper filtering, only this offset frequency will be present at the IF port of the mixer.

This measurement requires two external RF sources as stimuli. Figure 2-22 shows the hardware
configuration for the fixed IF conversion loss measurement. This example measurement procedure uses the
analyzer's test sequence function for automatically controlling the two external synthesizers (with SCPI
commands), and making a conversion loss measurement in tuned receiver mode. The test sequence
function is an instrument automation feature internal to the analyzer. For more information on the test
sequence function, refer to "Using Test Sequencing to Test a Device" on page 1-115.

Tuned Receiver Mode

The analyzer's tuned receiver mode allows you to tune its receiver to an arbitrary frequency and measure
signal power. This is only possible if the signal you wish to analyze is at an exact known frequency.
Therefore, the RF and LO sources must be synthesized and synchronized with the analyzer's time base.

Since the analyzer is not phaselocking in this configuration, you can use it to measure conversion loss of a
microwave mixer with an RF frequency range output.

Tuned receiver mode also increases dynamic range. Broadband techniques like diode detection have a high
noise floor, while narrow band techniques like tuned receivers are much less susceptible to noise.

Sequence 1 Setup

The following sequence initializes and calibrates the network analyzer. It then initializes the two external
sources prior to measurement. This sequence includes:

* putting the network analyzer into tuned receiver mode

+ setting up a frequency list sweep of 26 points

+ performing a response calibration

» prompting the user to connect a mixer to the test set up
+ initializing a loop counter value to 26

» addressing and configuring the two sources

+ calling the next measurement sequence

1. Make the following connections as shown in Figure 2-21. Set the GPIB address of the external RF source
to 19 and the external LO source to 21.

2. Confirm that the external sources are configured to receive commands in the SCPI programming
language and that their output power is switched on.

NOTE You may have to consult the user's guide of the external source being used to determine
how to set the source to receive SCPl commands.

3. Be sure to connect the 10 MHz reference signals of the external sources to the EXT REF connector on
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the rear panel of the analyzer (a BNC tee must be used).

Making Mixer Measurements

Fixed IF Mixer Measurements

NOTE If the 10 MHz reference signals of the external sources are connected together, then it will
only be necessary to connect one reference signal from one of the sources to the EXT REF

connector of the analyzer.

Figure 2-21  Connections for a Response Calibration

4 N
NETWORK ANALYZER | Ext Ref
GPIB | £ > GPIB
® @
300 MHz [—~_.
Ext Low Pass | Ext
Reference Filter [ Reference
Out In
W10 dB
N N
External 6d8 External
RF Source LO Source
paSd3e
NOTE To enter the following sequence commands that require titling, an external keyboard may be

used for convenience.

4. Press the following keys on the analyzer to create sequence 1:

NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ1

Presetting the Instrument

Save/Recall ) SELECT DISK INTERNAL MEMORY
RETURN (Select the preset state.) RECALL STATE
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Putting the Analyzer into Tuned Receiver Mode

SYSTEM CONTROLLER
INSTRUMENT MODE TUNED RECEIVER
Setting Up a Frequency List Sweep of 26 Points

SWEEP TYPE MENU EDIT LIST ADD

START

STOP

NUMBER OF POINTS DONE  DONE
LIST FREQ

Performing a Response Calibration

INPUT PORTS B

MORE  TITLE ERASE TITLE
Input as title: POW:LEV 6DBM

DONE
SPECIAL FUNCTIONS PERIPHERAL GPIB ADDR
TITLE TO PERIPHERAL

MORE  TITLE ERASE TITLE
Input as title: FREQ:MODE CW;CW 100MHZ

DONE

SPECIAL FUNCTIONS PERIPHERAL GPIB ADDR
TITLE TO PERIPHERAL

CALIBRATE MENU RESPONSE

THRU
Prompting the User to Connect a Mixer to the Test Setup

MORE  TITLE  ERASE TITLE
Input as title: CONNECT MIXER
DONE

SPECIAL FUNCTIONS
PAUSE
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Initializing a Loop Counter Value to 26
SPECIAL FUNCTIONS DECISION MAKING

LOOP COUNTER

REFERENCE POSITION (0)
REFERENCE VALUE
TRIGGER MENU MANUAL TRG ON POINT

Addressing and Configuring the Two Sources

MORE  TITLE  ERASE TITLE
Input as title: FREQ:MODE CW;CW 500MHZ;:FREQ:CW:STEP 100MHZ

DONE
SPECIAL FUNCTIONS PERIPHERAL GPIB ADDR

TITLE TO PERIPHERAL

MORE  TITLE ERASE TITLE
Input as title: POW:LEV 13DBM

DONE
SPECIAL FUNCTIONS PERIPHERAL GPIB ADDR

TITLE TO PERIPHERAL

MORE  TITLE  ERASETITLE
Input as title: FREQ:MODE CW;CW 600MHZ;:FREQ:CW:STEP 100MHZ

DONE
SPECIAL FUNCTIONS PERIPHERAL GPIB ADDR
TITLE TO PERIPHERAL

Calling the Next Measurement Sequence

DO SEQUENCE SEQUENCE 2 SEQ2
DONE SEQ MODIFY
Press NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ.1 and the analyzer will display the

following sequence commands:

SEQUENCE SEQ1

Start of Sequence
RECALL PRST STATE
SYSTEM CONTROLLER
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TUNED RECEIVER

EDIT LIST

ADD

CW FREQ

100M/u

NUMBER OF POINTS
26x1

DONE

DONE

LIST FREQ

B

TITLE

POW:LEV 6DBM
PERIPHERAL HPIB ADDR
19x1

TITLE TO PERIPHERAL
TITLE

FREQ:MODE CW;CW 100MHZ
TITLE TO PERIPHERAL
CALIBRATE: RESPONSE
CAL STANDARD

DONE CAL CLASS

TITLE

CONNECT MIXER
PAUSE

LOOP COUNTER

26x1

SCALE/DIV

2 x1

REFERENCE POSITION
0 x1

REFERENCE VALUE
—-20x1

MANUAL TRG ON POINT
TITLE

FREQ:MODE CW;CW 500MHZ; :FREQ:CW:STEP 100MHZ
TITLE TO PERIPHERAL

TITLE

POW:LEV 13DBM

PERIPHERAL HPIB ADDR

21x1

TITLE TO PERIPHERAL

TITLE

FREQ:MODE CW;CW 600MHZ; : FREQ:CW:STEP 100MHZ
TITLE TO PERIPHERAL

DO SEQUENCE

SEQUENCE 2
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Sequence 2 Setup

The following sequence makes a series of measurements until all 26 CW measurements are made and the
loop counter value is equal to zero. This sequence includes:

» taking data
* incrementing the source frequencies
» decrementing the loop counter

» labeling the screen

1. Press the following keys on the analyzer to create sequence 2:

NOTE To enter the following sequence commands that require titling, an external keyboard may be
used for convenience.

DONE SEQ MODIFY

NEW SEQ/MODIFY SEQ SEQUENCE 2 SEQ2
Taking Data
SPECIAL FUNCTIONS WAIT x

TRIGGER MENU MANUAL TRG ON POINT

Incrementing the Source Frequencies

MORE  TITLE ERASE TITLE
Input as title: FREQ:CW UP

DONE
SPECIAL FUNCTIONS PERIPHERAL GPIB ADDR
TITLE TO PERIPHERAL

PERIPHERAL GPIB ADDR TITLE TO PERIPHERAL

Decrementing the Loop Counter

DECISION MAKING DECR LOOP COUNTER IF LOOP COUNTER<>0
SEQUENCE 2 SEQ2

Labeling the Screen
MORE  TITLE ERASE TITLE
Input as title: MEASUREMENT COMPLETED
DONE

DONE SEQ MODIFY
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Press NEW SEQ/MODIFY SEQ SEQUENCE 2 SEQ2 and the analyzer will display the
following sequence commands:

SEQUENCE SEQ2

Start of Sequence
WAIT x

1 x1

MANUAL TRG ON POINT
TITLE

FREQ:CW UP

PERIPHERAL HPIB ADDR
19x1

TITLE TO PERIPHERAL
PERIPHERAL HPIB ADDR
21x1

TITLE TO PERIPHERAL
DECR LOOP COUNTER

IF LOOP COUNTER <>0 THEN DO
SEQUENCE 2

TITLE

MEASUREMENT COMPLETED

2. Press the following keys to run the sequences:

DONE SEQ MODIFY DO SEQUENCE SEQUENCE 2 SEQ2

When the prompt CONNECT MIXER appears, connect the equipment as shown in Figure 2-22.

Figure 2-22  Connections for a Conversion Loss Using Tuned Receiver Mode

NETWORK ANALYZER
- N
GPIB = = GPIB
(~ DR
® @®
300 MHz [~_.
Ext Low Pass | X~ Ext
Reference Filter ' = Reference
“W 10 dB
VY . A AV
19 (MU % 21
6dB RF o 3dB
External External
RF Source LO Source

pabdte
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When the sequences are finished you should have a result as shown in Figure 2-23.

Figure 2-23  Example Fixed IF Mixer Measurement
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The displayed trace represents the conversion loss of the mixer at 26 points. Each point corresponds to one
of the 26 different sets of RF and LO frequencies that were used to create the same fixed IF frequency.
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Phase or Group Delay Measurements

For information on group delay principles, refer to "Setting the Electrical Delay" on page 1-38.

Phase Measurements

When you are making linear measurements, you must provide a reference for determining phase by splitting
the RF source power and send part of the signal into the reference channel. (This does not work for
frequency offset measurements, since the source and receiver are functioning at different frequencies.)

To provide a reference signal for the phase measurement, you need a second mixer. This mixer is driven by
the same RF and LO signals that are used to drive the mixer under test. The IF output from the reference
mixer is applied to the reference (R) channel of the analyzer.

Phase Linearity and Group Delay

Group delay is the rate of change of phase through a device with respect to frequency (d¢/dw). Traditionally,
group delay has been used to describe the propagation delay (t4), and deviation from linear phase through a

linear device. However, this parameter also contains valuable information about transmission delay and
distortion through a non-linear device such as a mixer or frequency converter. For example, flat group delay
corresponds to low modulation distortion (that is, carrier and sidebands propagate at the same rate).

Phase linearity and group delay are both measurements of the distortion of a transmitted signal. Both
measure the non-linearity of a device's phase response with respect to frequency.

In standard vector error-correction, a thru (delay=0) is used as a calibration standard. The solution to this
problem is to use a calibration mixer with very small group delay as the calibration standard.

An important characteristic to remember when selecting a calibration mixer is that the delay of the device
should be kept as low as possible. To do this, select a mixer with very wide bandwidth (wider bandwidth
results in smaller delay). The accuracy of this measurement depends on the quality of the mixer that is being
used for calibration and how well this mixer has been characterized. The following measurement must be
performed with a broadband calibration mixer that has a known group delay. The following table lists the
specifications of two mixers that may be used for calibration:
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Model Number Useful Frequency Range Group Delay
ANZAC MCD-123 0.03 to 3 GHz 0.5ns
Mini-Circuits ZFM-4 dc to 1250 MHz 0.6 ns

. Set the LO source to the desired CW frequency of 1000 MHz and power level to 13 dBm.
Initialize the analyzer by pressing (Preset).

Set the analyzer’'s LO frequency to match the frequency of the LO source by pressing:

INSTRUMENT MODE FREQ OFFS MENU LO MENU
FREQUENCY: CW 1000

From the front panel of the analyzer, set the desired receiver frequency and source output power by
pressing:

(Center) (300 ) (M/u)

(Span ) (100 ) (M/w)
(0) PWR RANGE MAN

. Connect the instruments as shown in Figure 2-24, placing a broadband "calibration" mixer (ZFM-4)
between PORT 1 and PORT 2.

CAUTION To prevent connector damage, use an adapter (part number 1250-1462) as a connector saver

for R CHANNEL IN.
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Figure 2-24  Connections for a Group Delay Measurement
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Converter
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6. To select the converter type and a high-side LO measurement configuration, press:

INSTRUMENT MODE FREQ OFFS MENU
DOWN CONVERTER RF<LO  FREQ OFFS ON

7. To view the measurement results on the analyzer’s display, press:

INSTRUMENT MODE FREQ OFFS MENU VIEW MEASURE

8. To select the format type, press:

DELAY

9. To make a response error-correction, press:

INPUT PORTS B/R
CALIBRATE MENU RESPONSE THRU
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10. Replace the "calibration" mixer with the device under test. If measuring group delay, set the delay equal
to the "calibration" mixer delay (for example —0.6 ns) by pressing:

Scale Ref
ELECTRICAL DELAY

11. Scale the data for best vertical resolution.

Scale Ref
AUTOSCALE

Figure 2-25  Group Delay Measurement Example
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The displayed measurement trace shows the device under test delay, relative to the "calibration" mixer. This
measurement is also useful when the device under test has built-in filtering, which requires >30 dB range
(the maximum of R input). PORT 1 to PORT 2 range is >100 dB.
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Amplitude and Phase Tracking

The match between mixers is defined as the absolute difference in amplitude or phase response over a
specified frequency range. The tracking between mixers is essentially how well the devices are matched

over a specified interval. This interval may be a frequency interval or a temperature interval, or a combination
of both.

You can make tracking measurements by ratioing the responses of two mixer conversion loss
measurements. Then any difference you view in response is due to the mixers and not the measurement
system.

Using the same measurement setup as in "Phase or Group Delay Measurements" on page 2-34, you can
determine how well two mixers track each other in terms of amplitude and phase.

1. Repeat steps 1 through 8 of the previous section "Phase Linearity and Group Delay" on page 2-34, with
the following exception:

In step 7, select PHASE
2. Once the analyzer has displayed the measurement results, press DATA—MEM

3. Replace the calibration mixer with the mixer under test.
4. Press DATA/MEM

The resulting trace should represent the amplitude and phase tracking of the two mixers.

Figure 2-26  Connections for an Amplitude and Phase Tracking Measurement Between Two Mixers
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Conversion Compression Using the Frequency Offset Mode

Conversion compression is a measure of the maximum RF input signal level where the mixer provides linear
operation. The conversion loss is the ratio of the IF output level to the RF input level. This value remains
constant over a specified input power range. When the input power level exceeds a certain maximum, the
constant ratio between IF and RF power levels will begin to change. The point at which the ratio has
decreased by 1 dB is called the 1 dB compression point. See Figure 2-27.

Figure 2-27  Conversion Loss and Output Power as a Function of Input Power Level Example
(a) (b)
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Notice that the IF output power increases linearly with the increasing RF signal, until mixer compression
begins and the mixer saturates.

The following example uses a ratio of mixer output to input power and a marker search function to locate a
mixer's 1 dB compression point.

1. Set the LO source to the desired CW frequency of 600 MHz and power level to 13 dBm.
Initialize the analyzer by pressing (Preset).

3. Setthe analyzers LO frequency to match the frequency of the LO source by pressing:

N

SWEEP TYPE MENU POWER SWEEP
INSTRUMENT MODE FREQ OFFS MENU LO MENU

FREQUENCY: CW

4. To set the analyzer to the desired power sweep range, press:
PWR RANGE MAN POWER RANGES RANGE 0

5. Make the connections, as shown in Figure 2-28.
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CAUTION  To prevent connector damage, use an adapter (part number 1250-1462) as a connector saver
for R CHANNEL IN.

Figure 2-28  Connections for the First Portion of Conversion Compression Measurement
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6. To view the absolute input power to the analyzer's R channel, press:

INPUT PORTS R

7. To store a trace of the receiver power versus the source power into memory and view data/memory,
press:

DATA—>MEM
DATA/MEM

This removes the loss between the output of the mixer and the input to the receiver, and provides a linear
power sweep for use in subsequent measurements.

8. Make the connections as shown in Figure 2-29.

CAUTION  To prevent connector damage, use an adapter (part number 1250-1462) as a connector saver
for R CHANNEL IN.
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Figure 2-29  Connections for the Second Portion of Conversion Compression Measurement

NETWORK ANALYZER
L N

P -

=

700 MHz
High Pass Filter
Rin e
TR
e
10dB
RF
\ IF Mixer
Under Test
LO
3dB
External
LO Source

paS55e

9. To set the frequency offset mode LO frequency, press:

INSTRUMENT MODE FREQ OFFS MENU

LO MENU FREQUENCY:CW

10. To select the converter type, press:

RETURN
UP CONVERTER
11. To select a low-side LO measurement configuration, press:
RF>L0
FREQ OFFS ON

In this low-side LO, up converter measurement, the analyzer source frequency is offset lower than the
receiver frequency. The analyzer source frequency can be determined from the following equation:

receiver frequency (800 MHz) — LO frequency (600 MHz) = 200 MHz
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The measurements setup diagram is shown in Figure 2-30.

Figure 2-30  Measurement Setup Diagram Shown on Analyzer Display
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12. To view the mixer's output power as a function of its input power, press:

VIEW MEASURE

13. To set up an active marker to search for the 1 dB compression point of the mixer, press:

Scale Ref
AUTO SCALE

(Marker Search ) SEARCH:MAX
14. Press:

MKR ZERO
(Marker Search) TARGET

The measurement results show the mixer's 1 dB compression point. By changing the target value, you
can easily locate other compression points (for example, 0.5 dB, 3 dB). See Figure 2-31.

15. Read the compressed power on by turning marker A off.

A MODE MENU A MODE OFF
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Figure 2-31  Example Swept Power Conversion Compression Measurement
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Isolation Example Measurements

Isolation is the measure of signal leakage in a mixer. Feedthrough is specifically the forward signal leakage
to the IF port. High isolation means that the amount of leakage or feedthrough between the mixer's ports is
very small. Isolation measurements do not use the frequency offset mode. Figure 2-32 illustrates the signal
flow in a mixer.

Figure 2-32  Signal Flow in a Mixer Example
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LO to RF Isolation

LO to RF isolation is the amount the LO power is attenuated when it appears directly at the RF port.

1. Initialize the analyzer by pressing (Preset ).

2. To select the analyzer frequency range and source power, press:

Cstart ) (10 ) (M/w)

(Stop ) (3000) (M/u)
(0) PWRRANGE MAN

This source stimulates the mixer's LO port.

3. To select a ratio B/R measurement, press:

INPUT PORTS B/R

4. Make the connections as shown in Figure 2-33.
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Figure 2-33  Connections for a Response Calibration
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5. Perform a response calibration by pressing CALIBRATE MENU RESPONSE THRU

NOTE A full 2-port calibration will increase the accuracy of isolation measurements. Refer to
Chapter 5, “Optimizing Measurement Results.”

6. Make the connections as shown in Figure 2-34.

CAUTION  To get an accurate assessment of the LO-IF isolation, the proper LO power level must be
input to the LO port.

Figure 2-34  Connections for a Mixer Isolation Measurement
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7. To adjust the display scale, press (Scale Ref ) AUTO SCALE

The measurement results show the mixer's LO to RF isolation.

2-45



Making Mixer Measurements
Isolation Example Measurements

Figure 2-35  Example Mixer LO to RF Isolation Measurement
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RF Feedthrough

The procedure and equipment configuration necessary for this measurement are very similar to those of the
previous LO to RF Isolation procedure, with the addition of an external source to drive the mixer's LO port as
we measure the mixer's RF feedthrough. RF feedthrough measurements do not use the frequency offset
mode.

1. Select the CW LO frequency and source power from the front panel of the external source.
CW frequency = 300 MHz
Power =10 dBm

2. Initialize the analyzer by pressing (Preset).

3. To select the analyzer frequency range and source power, press:

(Start) (20) (M/w)

(Stop ) (3000 ) (M/u)
(0) PWR RANGE MAN

This source stimulates the mixer's LO port.

4. To select a ratio B/R measurement, press:

INPUT PORTS B/R

NOTE Isolation is dependent on LO power level and frequency. To ensure good test results, you
should choose these parameters as close to actual operating conditions as possible.

5. Make the connections as shown in Figure 2-36.
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Figure 2-36  Connections for a Response Calibration
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6. Perform a response calibration by pressing CALIBRATE MENU RESPONSE THRU
7. Make the connections as shown in Figure 2-37.
Figure 2-37  Connections for a Mixer RF Feedthrough Measurement
NETWORK ANALYZER
l_/ L\
¢ @
HRF |FH
LO
External Source
paStte
8. Connect the external LO source to the mixer's LO port.
9. The measurement results show the mixer's RF feedthrough.
NOTE You may see spurious responses on the analyzer trace due to interference caused by LO to IF

leakage in the mixer. This can be reduced with averaging or by reducing the IF bandwidth.
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Figure 2-38  Example Mixer RF Feedthrough Measurement
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You can measure the IF to RF isolation in a similar manner, but with the following modifications:

+ Use the analyzer source as the IF signal drive.

* View the leakage signal at the RF port.
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SWR / Return Loss

Reflection coefficient (I') is defined as the ratio between the reflected voltage (V,) and incident voltage (V;).
Standing wave ratio (SWR) is defined as the ratio of maximum standing wave voltage to the minimum
standing wave voltage and can be derived from the reflection coefficient (I') using the following equation.
Return loss can be derived from the reflection coefficient as well.

v
r=-—
Vi
1+|T]
SWR =
1-r]
Return loss = =20 log|T|
NOTE Mixers are three-port devices, and the reflection from any one port depends on the

conditions of the other two ports. You should replicate the operating conditions the mixer
will experience as closely as possible for the measurement. For all mixer SWR
measurements, use the same power level that the mixer will use during normal operation.

When you measure the RF port SWR, you should have the LO drive level present and set to the expected
frequency and power levels. Different LO drives and frequencies may yield different values for SWR at the
same RF frequencies. The IF port should be terminated in a condition as close to its operating state as
possible.

The measurements of LO port SWR and IF port SWR are very similar. For IF port SWR, you should terminate
the RF port in a matched condition and apply the LO signal at its normal operating level. For the LO port
SWR, the RF and IF ports should both be terminated in conditions similar to what will be present during
normal operation.
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Using This Chapter
This chapter contains the following:

* Anintroduction to time domain measurements
» Example procedures for making time domain transmission and reflection response measurements

* Information on the following time domain concepts:

— "Time Domain Bandpass Mode" on page 3-12

— "Time Domain Low Pass Mode" on page 3-15

— "Transforming CW Time Measurements into the Frequency Domain" on page 3-22
— "Masking" on page 3-26

— "Windowing" on page 3-27

— "Range" on page 3-30

— "Resolution" on page 3-32

— "Gating" on page 3-35
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Introduction to Time Domain Measurements

The analyzers with Option 010 allow you to measure the time domain response of a device. Time domain
analysis is useful for isolating a device problem in time or in distance. Time and distance are related by the
velocity factor of your device under test (DUT) which is described in "Time Domain Bandpass Mode" on
page 3-12.

The analyzer measures the frequency response of your device and uses an inverse Fourier transform (a
mathematical calculation) to convert the frequency domain information into the time domain, with time as
the horizontal display axis. The analyzer's internal computer makes this mathematical calculation using the
chirp-Z Fourier transform technique.

The resulting measurement is the fully error-corrected time domain reflection or transmission response of
the test device, displayed in near real-time. Response values (measured on the vertical axis) now appear
separated in time or distance, providing valuable insight into the behavior of the test device beyond simple
frequency characteristics.

With Option 010, the analyzer can transform frequency domain data to the time domain or time domain data
to the frequency domain.

NOTE The analyzer can be ordered with Option 010, or the option can be added at a later date.

The transform used by the analyzer resembles time domain reflectometry (TDR) measurements. TDR
measurements, however, are made by launching an impulse or step into the test device and observing the
response in time with a receiver similar to an oscilloscope. In contrast, the analyzer makes swept frequency
response measurements, and mathematically transforms the data into a TDR-like display.

Figure 3-1 illustrates the frequency and time domain reflection responses of a test device. The frequency
domain reflection measurement is the composite of all the signals reflected by the discontinuities presentin
the test device over the measured frequency range.

Figure 3-1 Device Frequency Domain and Time Domain Reflection Responses
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The time domain measurement shows the effect of each discontinuity as a function of time (or distance),
and shows that the test device response consists of three separate impedance changes. The second
discontinuity has a reflection coefficient magnitude of 0.035 (i.e. 3.5% of the incident signal is reflected).
Marker 1 on the time domain trace shows the elapsed time from the reference plane (where the calibration
standards are connected) to the discontinuity and back: 18.2 nanoseconds.

The analyzer has three frequency-to-time transform modes:

+ Time domain bandpass mode simulates the time domain response of an impulse input and is designed
to measure band-limited devices. Although this mode is the easiest to use, it results in less time domain
resolution than low pass mode, and may result in some magnitude errors at low frequencies when gating
is used. For devices that are not band-limited, one of the low pass modes is recommended.

» Time domain low pass step mode simulates the time domain response of a step input. As in a traditional
TDR measurement, the distance to the discontinuity in the test device, and the type of discontinuity
(resistive, capacitive, inductive) can be determined.

* Time domain low pass impulse mode simulates the time domain response of an impulse input (like the
bandpass mode). Both low pass modes yield better time domain resolution for a given frequency span
than does the bandpass mode. In addition, when using the low pass modes, you can determine the type
of discontinuity. However, these modes have certain limitations that are defined in "Time Domain
Bandpass Mode" on page 3-12.

The analyzer has one time-to-frequency transform mode:

* Forward transform mode transforms CW signals measured over time into the frequency domain, to
measure the spectral content of a signal. This mode is known as the CW time mode.
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Making Transmission Response Measurements
In this example measurement there are three components of the transmission response:

* RFleakage at near zero time
* the main travel path through the device (1.6 us travel time)
* the "triple travel" path (4.8 us travel time)

This example procedure also shows you how time domain analysis allows you to mathematically remove
individual parts of the time domain response to see the effect of potential design changes. This is
accomplished by "gating" out the undesirable responses. With the "gating" capability, the analyzer time
domain allows you to perform "what if" analysis by mathematically removing selected reflections and
seeing the effect in the frequency domain.

1. Connect the device as shown in Figure 3-2.

Figure 3-2 Device Connections for Time Domain Transmission Example Measurement
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2. To choose the measurement parameters, press:

Trans: FWD S21 (B/R) or on ET models: TRANSMISSN
(start ) (119 ) (M/u )
(Stop) (149 ) (M/u )

Scale Ref ) AUTO SCALE

3. Substitute a thru for the device under test and perform a frequency response correction. Refer to Chapter
6, “Calibrating for Increased Measurement Accuracy.”

4. Reconnect your device under test.
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To transform the data from the frequency domain to the time domain and set the sweep from 0 s to 6 ps,

press:

TRANSFORM MENU BANDPASS
Gtar) (00 (Gin) (Stop) (60) (M)

The other time domain modes, low pass step and low pass impulse, are described in "Time Domain Low
Pass Mode" on page 3-15.
6. To better view the measurement trace, press:

Scale Ref ) REFERENCE VALUE and turn the front panel knob, or enter a value from the front
panel keypad.

7. To measure the peak response from the main path, press:

TRANSFORM ON

( Marker Search ) SEARCH: MAX

The three responses shown in Figure 3-3 are the RF leakage near zero seconds, the main travel path
through the filter, and the triple travel path through the filter. Only the combination of these responses

was evident to you in the frequency domain.

Figure 3-3 Time Domain Transmission Example Measurement
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8. To access the gate function menu, press:
CENTER

TRANSFORM MENU SPECIFY GATE

9. To set the gate parameters, by entering the marker value, press:

(M/7), or turn the front panel knob to position the center gate marker. This marker, shaped like a
“T",is shown in Figure 3-4.

10. To set the gate span, press:
(Span_) (1.2 ) (M/u ) or turn the front panel knob to position the "flag" gate markers.
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11. To activate the gating function to remove any unwanted responses, press:

GATE ON

As shown in Figure 3-4, only response from the main path is displayed.

NOTE You may remove the displayed response from inside the gate markers by pressing SPAN

and turning the front panel knob to exchange the "flag" marker positions.

Figure 3-4 Gating in a Time Domain Transmission Example Measurement
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12. To adjust the gate shape for the best possible time domain response, press GATE SHAPE and select
between minimum, normal, wide, and maximum. Each gate has a different passband flatness, cutoff rate,

and sidelobe levels. A detailed discussion of gating and gate shape selections is located in "Gating" on
page 3-35 and "Selecting Gate Shape" on page 3-36.

The passband ripple and sidelobe levels are descriptive of the gate shape. The cutoff time is the time
between the stop time (—6 dB on the filter skirt) and the peak of the first sidelobe, and is equal on the left

and right side skirts of the filter. The minimum gate span is just twice the cutoff time because it has no
passhand.
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Figure 3-5 Gate Shape
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+ To see the effect of the gating in the frequency domain, press:

TRANSFORM MENU
AUTO SCALE
DATA—>MEM

TRANSFORM MENU

This places the gated response in memory. Figure 3-6 shows the effect of removing the RF leakage and the
triple travel signal path using gating. By transforming back to the frequency domain, we see that this design

TRANSFORM OFF

SPECIFY GATE

change would yield better out-of-band rejection.

Figure 3-6 Gating Effects in a Frequency Domain Example Measurement
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Making Reflection Response Measurements

The time domain response of a reflection measurement is often compared with the time domain
reflectometry (TDR) measurements. Like the TDR, the analyzer measures the size of the reflections versus
time (or distance). Unlike the TDR, the time domain capability of the analyzer allows you to choose the
frequency range over which you would like to make the measurement.

1. To choose the measurement parameters, press:

Refl: FWD S11 (A/R) or on ET models: TRANSMISSN
(start ) (50 ) (M/u )

2. Perform an Sq1 1-port correction on PORT 1. Refer to Chapter 5, "Optimizing Measurement Results" for a
detailed procedure.

3. Connect your device under test as shown in Figure 3-7.

Figure 3-7 Device Connections for Reflection Time Domain Example Measurement
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4. To better view the measurement trace, press:

Scale Ref ) AUTO SCALE

Figure 3-8 shows the frequency domain reflection response of the cables under test. The complex ripple
pattern is caused by reflections from the adapters interacting with each other. By transforming this data
to the time domain, you can determine the magnitude of the reflections versus distance along the cable.
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Figure 3-8 Device Response in the Frequency Domain
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5. To transform the data from the frequency domain to the time domain, press:

TRANSFORM MENU BANDPASS  TRANSFORM ON

6. To view the time domain over the length (<4 meters) of the cable under test, press:

LIN MAG
Gtar) (0 D

(Stop) (35 ) (G/n)

The stop time corresponds to the length of the cable under test. The energy travels about 1 foot per
nanosecond, or 0.3 meter/ns, in free space. Most cables have a relative velocity of about 0.66 the speed
in free space. Calculate about 3 ns/foot, or 10 ns/meter, for the stop time when you are measuring the
return trip distance to the cable end.

7. To enter the relative velocity of the cable under test, press MORE  VELOCITY FACTOR
and enter a velocity factor for your cable under test.

NOTE Most cables have a relative velocity of 0.66 (for polyethylene dielectrics) or 0.7 (for PTFE
dielectrics). If you would like the markers to read actual one-way distance rather than return
trip distance, enter one-half the actual velocity factor. Then the markers will read the actual
one-way distance to the reflection of interest rather than the "electrical length" that
assumes a relative velocity of 1.

1
Jer

where ¢, is the relative permittivity of the cable dielectric.

Velocity Factor
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8. To position the marker on the reflection of interest, press:

and turn the front panel knob, or enter a value from the front panel keypad.

In this example, the velocity factor was set to one-half the actual value, so the marker reads the time and
distance to the reflection.

9. To position a marker at each reflection of interest, as shown in Figure 3-9, press:

MARKER 2 MARKER 3 MARKER 4 , turning the front panel knob or entering a value from the
front panel keypad after each key press.

Figure 3-9 Device Response in the Time Domain

CH1 Sy, Ein MAG g mUs REF -15 =l 4 18 391 mU

MARKER 4

2D 113 ps= - b N
L 9S8 m 1 3 Ye9é§‘?1 i

= T

=

4

.ll-'\ﬁ;q"\-,-' g .,J |

CHL START @ s STOP 35 ns

aw000026

3-11



Making Time Domain Measurements
Time Domain Bandpass Mode

Time Domain Bandpass Mode

This mode is called bandpass because it works with band-limited devices. Traditional TDR requires that the
test device be able to operate down to dc. Using bandpass mode, there are no restrictions on the
measurement frequency range. Bandpass mode characterizes the test device impulse response.

Adjusting the Relative Velocity Factor

A marker provides both the two-way time and the two-way electrical length (or distance) to a discontinuity.
The distance displayed is based on the assumption that the signal travels at the speed of light. The signal
travels slower than the speed of light in most media (e.g. coax cables). This slower velocity (relative to light)
can be compensated for by adjusting the analyzer relative velocity factor. To determine the physical length,
rather than the electrical length, change the velocity factor to that of the medium under test:

1. Press (Cal) MORE  VELOCITY FACTOR

2. Enter a velocity factor between 0 and 1.0 (1.0 corresponds to the speed of light in a vacuum). Most
cables have a velocity factor of 0.66 (polyethylene dielectrics) or 0.70 (PTFE dielectrics).

NOTE To cause the markers to read the actual one-way distance to a discontinuity, rather than the
two-way distance, enter one-half the actual velocity factor.

Reflection Measurements Using Bandpass Mode

The bandpass mode can transform reflection measurements to the time domain. Figure 3-10 (left) shows a
typical frequency response reflection measurement of two sections of cable. Figure 3-10 (right) shows the
same two sections of cable in the time domain using the bandpass mode.
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Figure 3-10 A Reflection Measurement of Two Cables
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The ripples in reflection coefficient versus frequency in the frequency domain measurement are caused by
the reflections at each connector "beating" against each other.

One at a time, loosen the connectors at each end of the cable and observe the response in both the
frequency domain and the time domain. The frequency domain ripples increase as each connector is
loosened, corresponding to a larger reflection adding in and out of phase with the other reflections. The time
domain responses increase as you loosen the connector that corresponds to each response.

Interpreting the Bandpass Reflection Response Horizontal Axis

In bandpass reflection measurements, the horizontal axis represents the time it takes for an impulse
launched at the test port to reach a discontinuity and return to the test port (the two-way travel time). In
Figure 3-10, each connector is a discontinuity.

Interpreting the Bandpass Reflection Response Vertical Axis

The quantity displayed on the vertical axis depends on the selected format. The common formats are listed
in Table 3-1. The default format is LOG MAG (logarithmic magnitude), which displays the return loss in
decibels (dB). LIN MAG (linear magnitude) is a format that displays the response as reflection coefficient p.
This can be thought of as an average reflection coefficient of the discontinuity over the frequency range of
the measurement. Use the REAL format only in low pass mode.
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Table 3-1 Time Domain Reflection Formats

Format Parameter

LIN MAG Reflection Coefficient (unitless) (0 < p < 1)
REAL Reflection Coefficient (unitless) (-1 < p < 1)
LOG MAG Return Loss (dB)

SWR Standing Wave Ratio (unitless)

Transmission Measurements Using Bandpass Mode

The bandpass mode can also transform transmission measurements to the time domain. For example, this
mode can provide information about a surface acoustic wave (SAW) filter that is not apparent in the
frequency domain. Figure 3-11 illustrates a time domain bandpass measurement of a 321 MHz SAW filter.

Figure 3-11  Transmission Measurement in Time Domain Bandpass Mode
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Interpreting the Bandpass Transmission Response Horizontal Axis

In time domain transmission measurements, the horizontal axis is displayed in units of time. The time axis
indicates the propagation delay through the device. Note that in time domain transmission measurements,
the value displayed is the actual delay (not twice the delay). The marker provides the propagation delay in
both time and distance.

Marker 2 in Figure 3-11 (left) indicates the main path response through the test device, which has a
propagation delay of 655.6 ns, or about 196.5 meters in electrical length. Marker 4 in Figure 3-11 (right)
indicates the triple-travel path response at 1.91 us, or about 573.5 meters. The response at marker 1 (at 0
seconds) is an RF feedthrough leakage path. In addition to the triple travel path response, there are several
other multi-path responses through the test device, which are inherent in the design of a SAW filter.

Interpreting the Bandpass Transmission Response Vertical Axis

In the log magnitude format, the vertical axis displays the transmission loss or gain in dB; in the linear
magnitude format it displays the transmission coefficient t. Think of this as an average of the transmission
response over the measurement frequency range.
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Time Domain Low Pass Mode

This mode is used to simulate a traditional time domain reflectometry (TDR) measurement. It provides
information to determine the type of discontinuity (resistive, capacitive, or inductive) that is present. Low
pass provides the best resolution for a given bandwidth in the frequency domain. It may be used to give
either the step or impulse response of the test device.

The low pass mode is less general-purpose than the bandpass mode because it places strict limitations on
the measurement frequency range. The low pass mode requires that the frequency domain data points are
harmonically related from dc to the stop frequency. That is, stop = n x start, where n = number of points.

For example, with a start frequency of 30 kHz and 101 points, the stop frequency would be 3.03 MHz. Since
the analyzer frequency range starts at 30 kHz, the dc frequency response is extrapolated from the lower
frequency data. The requirement to pass dc is the same limitation that exists for traditional TDR.

Setting the Frequency Range for Time Domain Low Pass

Before a low pass measurement is made, the measurement frequency range must meet the (stop = n x

start) requirement previously described. The SET FREQ LOW PASS softkey performs this function
automatically: the stop frequency is set close to the entered stop frequency, and the start frequency is set
equal to stop/n.

If the low end of the measurement frequency range is critical, it is best to calculate approximate values for

the start and stop frequencies before pressing SET FREQ LOW PASS and calibrating. This avoids
distortion of the measurement results. To see an example, select the preset values of 201 points and a 300
kHz to 3 GHz frequency range. Now press SET FREQ LOW PASS and observe the change in frequency

values. The stop frequency changes to 2.999 GHz, and the start frequency changes to 14.925 MHz. This
would cause a distortion of measurement results for frequencies from 300 kHz to 14.925 MHz.

NOTE If the start and stop frequencies do not conform to the low pass requirement before a low
pass mode (step or impulse) is selected and transform is turned on, the analyzer resets the
start and stop frequencies. If error correction is on when the frequency range is changed,
this turns it off. Therefore, set the frequency range for time domain low pass before
performing a calibration.

3-15



Making Time Domain Measurements
Time Domain Low Pass Mode

Table 3-2 Minimum Frequency Ranges for Time Domain Low Pass

Number of Points | Minimum Frequency Range || Number of Points | Minimum Frequency Range
3 30 kHz to 0.09 MHz 201 30 kHz to 6.03 MHz

" 30 kHz to 0.33 MHz 401 30 kHz to 12.03 MHz

26 30 kHz to 0.78 MHz 801 30 kHz to 24.03 MHz

51 30 kHz to 1.53 MHz 1601 30 kHz to 48.03 MHz

101 30 kHz to 3.03 MHz

Minimum Allowable Stop Frequencies

The lowest analyzer measurement frequency is 30 kHz (300 kHz for the 8753ET), therefore for each value of
n there is a minimum allowable stop frequency that can be used. That is, the minimum stop frequency = n x
30 kHz. Table 3-2 lists the minimum frequency range that can be used for each value of n for low pass time
domain measurements.

Reflection Measurements in Time Domain Low Pass

Figure 3-12 shows the time domain response of an unterminated cable in both the low-pass step and
low-pass impulse modes.

Figure 3-12  Time Domain Low Pass Measurements of an Unterminated Cable
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Interpreting the Low Pass Response Horizontal Axis

The low pass measurement horizontal axis is the two-way travel time to the discontinuity (as in the
bandpass mode). The marker displays both the two-way time and the electrical length along the trace. To
determine the actual physical length, enter the appropriate velocity factor as described in "Time Domain
Bandpass Mode" on page 3-12.

3-16



Making Time Domain Measurements
Time Domain Low Pass Mode

Interpreting the Low Pass Response Vertical Axis

The vertical axis depends on the chosen format. In the low pass mode, the frequency domain data is taken at
harmonically related frequencies and extrapolated to dc. Because this results in the inverse Fourier
transform having only a real part (the imaginary part is zero), the most useful low pass step mode format in
this application is the real format. It displays the response in reflection coefficient units. This mode is similar
to the traditional TDR response, which displays the reflected signal in a real format (volts) versus time (or
distance) on the horizontal axis.

The real format can also be used in the low pass impulse mode, but for the best dynamic range for
simultaneously viewing large and small discontinuities, use the log magnitude format.
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Fault Location Measurements Using Low Pass

As described, the low pass mode can simulate the TDR response of the test device. This response contains

information useful in determining the type of discontinuity present.

Figure 3-13 illustrates the low pass responses of known discontinuities. Each circuit element was simulated
to show the corresponding low pass time domain Sq; response waveform. The low pass mode gives the test
device response either to a step or to an impulse stimulus. Mathematically, the low pass impulse stimulus is
the derivative of the step stimulus.

Figure 3-13  Simulated Low Pass Step and Impulse Response Waveforms (Real Format)
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Figure 3-14 shows example cables with discontinuities (faults) using the low pass step mode with the real

format.
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Figure 3-14  Low Pass Step Measurements of Common Cable Faults (Real Format)
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Transmission Measurements in Time Domain Low Pass

Measuring Small Signal Transient Response Using Low Pass Step

Use the low pass mode to analyze the test device's small signal transient response. The transmission
response of a device to a step input is often measured at lower frequencies, using a function generator (to
provide the step to the test device) and a sampling oscilloscope (to analyze the test device output response).
The low pass step mode extends the frequency range of this type of measurement to the maximum
frequency of the analyzer.

The step input shown in Figure 3-15 is the inverse Fourier transform of the frequency domain response of a
thru measured at calibration. The step rise time is proportional to the highest frequency in the frequency
domain sweep; the higher the frequency, the faster the rise time. The frequency sweep in Figure 3-15 is from
10 MHz to 1 GHz.

Figure 3-15 also illustrates the time domain low pass response of an amplifier under test. The average group
delay over the measurement frequency range is the difference in time between the step and the amplifier
response. This time domain response simulates an oscilloscope measurement of the amplifier's small signal
transient response. Note the ringing in the amplifier response that indicates an under-damped design.
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Figure 3-15  Time Domain Low Pass Measurement of an Amplifier Small Signal Transient Response
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Interpreting the Low Pass Step Transmission Response Horizontal Axis

The low pass transmission measurement horizontal axis displays the average transit time through the test
device over the frequency range used in the measurement. The response of the thru connection used in the
calibration is a step that reaches 50% unit height at approximately time = 0. The rise time is determined by
the highest frequency used in the frequency domain measurement. The step is a unit high step, which
indicates no loss for the thru calibration. When a device is inserted, the time axis indicates the propagation
delay or electrical length of the device. The markers read the electrical delay in both time and distance. The
distance can be scaled by an appropriate velocity factor as described in "Time Domain Bandpass Mode" on
page 3-12.

Interpreting the Low Pass Step Transmission Response Vertical Axis

In the real format, the vertical axis displays the transmission response in real units (for example, volts). For
the amplifier example in Figure 3-15, if the amplifier input is a step of 1 volt, the output, 2.4 nanoseconds
after the step (indicated by marker 1), is 5.84 volts.

In the log magnitude format, the amplifier gain is the steady state value displayed after the initial transients
die out.

Measuring Separate Transmission Paths through the Test Device Using Low Pass Impulse Mode

The low pass impulse mode can be used to identify different transmission paths through a test device that
has a response at frequencies down to dc (or at least has a predictable response, above the noise floor,
below 30 kHz).

For example, use the low pass impulse mode to measure the relative transmission times through a
multi-path device such as a power divider. Another example is to measure the pulse dispersion through a
broadband transmission line, such as a fiber optic cable. Both examples are illustrated in Figure 3-16. The
horizontal and vertical axes can be interpreted as already described in "Time Domain Bandpass Mode" on
page 3-12.
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Figure 3-16  Transmission Measurements Using Low Pass Impulse Mode

CH1 B/R 1in MAG 200 mu/ REF 500 mU 1 O U
INPUT] PULSE MME - 0 s
cH1 A/R  Re 50 mu REF 0 U ] sk 5.413 ns
ch2 B/R Re S0 mu/ REF O U TARGET VALUE NOT FOUND — ent: 410 ps
L Cor ; -1.9924 m

e TN

cor ~ THRU LINE o m vl

W Y i :

// CH1 CENTER O s SPAN 10 ns
// cHZ B/R 1in MAG 100 mu/ REF -200 mu L ou
outpUr PuLfe MMA 0 s

// \\ Bl: s.d58 ns|
TARGE[T vAL{E NOT FOund cent: 7.d83 us

/ \\ FIBER cor . N Q: 4.44 k,

OPTIC P N
- CABLE  F = =

Hlao
CHZ2 CENTER 7.283 us SPAN 10 ns
START-41 ns STORP 1 ns
(a) Comparing Transmission (b) Measuring Pulse Dispersion
Paths through a Power Divider on a 1.5 km Fiber Optic Cable
pPE6195 ¢

3-21



Making Time Domain Measurements
Transforming CW Time Measurements into the Frequency Domain

Transforming CW Time Measurements into the Frequency Domain

The analyzer can display the amplitude and phase of CW signals versus time. For example, use this mode for
measurements such as amplifier gain as a function of warmup time (i.e. drift). The analyzer can display the
measured parameter (e.g. amplifier gain) for periods of up to 24 hours and then output the data to a digital
plotter for hardcopy results.

These "strip chart" plots are actually measurements as a function of time (time is the independent variable),
and the horizontal display axis is scaled in time units. Transforms of these measurements result in frequency
domain data. Such transforms are called forward transforms because the transform from time to frequency
is a forward Fourier transform, and can be used to measure the spectral content of a CW signal. For
example, when transformed into the frequency domain, a pure CW signal measured over time appears as a
single frequency spike. The transform into the frequency domain yields a display that looks similar to a
spectrum analyzer display of signal amplitude versus frequency.

Forward Transform Measurements

Figure 3-17 shows an example of a measurement using the Fourier transform in the forward direction, from
the time domain to the frequency domain.

Figure 3-17  Amplifier Gain Measurement
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(a) CW Time (b) Transform to Frequency Domain
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Interpreting the Forward Transform Vertical Axis

With the log magnitude format selected, the vertical axis displays dB. This format simulates a spectrum
analyzer display of power versus frequency.

Interpreting the Forward Transform Horizontal Axis

In a frequency domain transform of a CW time measurement, the horizontal axis is measured in units of
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frequency. The center frequency is the offset of the CW frequency. For example, with a center frequency of 0
Hz, the CW frequency (250 MHz in the example) is in the center of the display. If the center frequency
entered is a positive value, the CW frequency shifts to the right half of the display; a negative value shifts it
to the left half of the display. The span value entered with the transform on is the total frequency span
shown on the display. (Alternatively, the frequency display values can be entered as start and stop.)

Demodulating the Results of the Forward Transform

The forward transform can separate the effects of the CW frequency modulation amplitude and phase
components. For example, if a test device modulates the transmission response (Sy;) with a 500 Hz AM

signal, you can see the effects of that modulation as shown in Figure 3-18. To simulate this effect, apply a
500 Hz sine wave to the analyzer rear panel EXT AM input.

Figure 3-18  Combined Effects of Amplitude and Phase Modulation
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Using the demodulation capabilities of the analyzer, it is possible to view the amplitude or the phase
component of the modulation separately. The window menu includes the following softkeys to control the
demodulation feature:

DEMOD: OFF is the normal preset state, in which both the amplitude and phase components of any
test device modulation appear on the display.

AMPLITUDE displays only the amplitude modulation, as illustrated in Figure 3-19a.

PHASE displays only the phase modulation, as shown in Figure 3-19b.
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Figure 3-19  Separating the Amplitude and Phase Components of Test-Device-Induced Modulation
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Forward Transform Range

In the forward transform (from CW time to the frequency domain), range is defined as the frequency span
that can be displayed before aliasing occurs, and is similar to range as defined for time domain
measurements. In the range formula, substitute time span for frequency span.

Number of points -1

Range =
time span

201 -1

Range= 3
200 x 10

Range= 1000 Hertz

For the example, a 201 point CW time measurement made over a 200 ms time span, choose a span of 1 kHz
or less on either side of the center frequency (see Figure 3-20). That is, choose a total span of 2 kHz or less.
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Figure 3-20 Range of a Forward Transform Measurement
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To increase the frequency domain measurement range, increase the span. The maximum range is inversely
proportional to the sweep time, therefore it may be necessary to increase the number of points or decrease
the sweep time. Because increasing the number of points increases the auto sweep time, the maximum
range is 2 kHz on either side of the selected CW time measurement center frequency (4 kHz total span). To
display a total frequency span of 4 kHz, enter the span as 4000 Hz.
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Masking

Masking occurs when a discontinuity (fault) closest to the reference plane affects the response of each
subsequent discontinuity. This happens because the energy reflected from the first discontinuity never
reaches subsequent discontinuities. For example, if a transmission line has two discontinuities that each
reflect 50% of the incident voltage, the time domain response (real format) shows the correct reflection
coefficient for the first discontinuity (p=0.50). However, the second discontinuity appears as a 37.5%
reflection (p=0.375) because only some the incident voltage reached the second discontinuity, and some of
that reflected energy is reflected off the first discontinuity as it returns. For two discrete discontinuities, the

apparent reflection of the second discontinuity is appears as approximately ,52 = (1 —p12) P, where p, is

the apparent reflection of the second discontinuity, p, is the reflection of the first discontinuity, and p, is
the reflection of the second discontinuity.

NOTE This example assumes a lossless transmission line. Real transmission lines, with non-zero
loss, attenuate signals as a function of the distance from the reference plane.

As an example of masking due to line loss, consider the time domain response of a 3 dB attenuator and a
short circuit. The impulse response (log magnitude format) of the short circuit alone is a return loss of 0 dB,
as shown in Figure 3-21a. When the short circuit is placed at the end of the 3 dB attenuator, the return loss
is —6 dB, as shown in Figure 3-21b. This value actually represents the forward and return path loss through
the attenuator, and illustrates how a lossy network can affect the responses that follow it.

Figure 3-21  Masking Example
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Windowing

The analyzer provides a windowing feature that makes time domain measurements more useful for isolating
and identifying individual responses. Windowing is needed because of the abrupt transitions in a frequency
domain measurement at the start and stop frequencies. The band limiting of a frequency domain response
causes overshoot and ringing in the time domain response, and causes a non-windowed impulse stimulus
to have a sin(kt)/kt shape, where k = n/frequency span and t = time (see Figure 3-22). This has two effects
that limit the usefulness of the time domain measurement:

* Finite impulse width (or rise time). Finite impulse width limits the ability to resolve between two closely
spaced responses. The effects of the finite impulse width cannot be improved without increasing the
frequency span of the measurement (see Table 3-3).

Figure 3-22  Impulse Width, Sidelobes, and Windowing
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+ Sidelobes. The impulse sidelobes limit the dynamic range of the time domain measurement by hiding
low-level responses within the sidelobes of higher level responses. The effects of sidelobes can be
improved by windowing (see Table 3-3).

Windowing improves the dynamic range of a time domain measurement by filtering the frequency domain
data prior to converting it to the time domain, producing an impulse stimulus that has lower sidelobes. This
makes it much easier to see time domain responses that are very different in magnitude. The sidelobe
reduction is achieved, however, at the expense of increased impulse width. The effect of windowing on the
step stimulus (low pass mode only) is a reduction of overshoot and ringing at the expense of increased rise
time.

To select a window, press TRANSFORM MENU WINDOW . A menu is presented that
allows the selection of three window types, see Table 3-3.
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Table 3-3 Impulse Width, Sidelobe Level, and Windowing Values

Window Type Impulse Sidelobe | Low PassImpulse Sep Sidelobe Sep RiseTime(10

Level Width (50%) Level —90%)
Minimum -13dB 0.60/Freq Span -21dB 0.45/Freq Span
Normal —44 dB 0.98/Freq Span —60 dB 0.99/Freq Span
Maximum —75dB 1.39/Freq Span —70dB 1.48/Freq Span
NOTE: The bandpass mode simulates an impulse stimulus. Bandpass impulse width is twice that of low pass
impulse width. The bandpass impulse sidelobe levels are the same as low pass impulse sidelobe levels.

Choose one of the three window shapes listed or use the knob to select any windowing pulse width (or rise
time for a step stimulus) between the softkey values. The time domain stimulus sidelobe levels depend only
on the window selected.

MINIMUM is essentially no window. Consequently, it gives the highest sidelobes.

NORMAL (the preset mode) gives reduced sidelobes and is the mode most
often used.

MAXIMUM window gives the minimum sidelobes, providing the greatest dynamic
range.

USE MEMORY on OFF remembers a user-specified window pulse width (or step rise time)

different from the standard window values.

A window is activated only for viewing a time domain response, and does not affect a displayed frequency
domain response. Figure 3-23 shows the typical effects of windowing on the time domain response of a
short circuit reflection measurement.
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Figure 3-23  The Effects of Windowing on the Time Domain Responses of a Short Circuit (Real Format)
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In the time domain, range is defined as the length in time that a measurement can be made without
encountering a repetition of the response, called aliasing. A time domain response repeats at regular
intervals because the frequency domain data is taken at discrete frequency points, rather than continuously
over the frequency band.

Measurement range -— —-
g AF

where AF is the spacing between frequency data points

(number of points—1)

Measurement range =
frequency span(Hz)

For example:
Measurement = 201 points

Frequency Span =1 MHz to 2.001 GHz

Frequency Spacing (AF) =10 MHz

1 -1
Range = AL or (number of points —1)

frequency span

1 (201 —1)
5 or 3
(10x10%)  (2x10%

Range =

Range= 100 x 10~ seconds

Electrical Length = range x the speed of light (3 X 108'1')
s

Electricallength= (100 < 107 s) x (3 « 108 T)
S

ElectricalLength= 30 meters
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In this example, the range is 100 ns, or 30 meters electrical length. To prevent the time domain responses
from overlapping, the test device must be 30 meters or less in electrical length for a transmission
measurement (15 meters for a reflection measurement). The analyzer limits the stop time to prevent the

display of aliased responses.

To increase the time domain measurement range, first increase the number of points, but remember that as
the number of points increases, the sweep speed decreases. Decreasing the frequency span also increases
range, but reduces resolution.
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Resolution
Two different resolution terms are used in the time domain:

* response resolution

* range resolution

Response Resolution

Time domain response resolution is defined as the ability to resolve two closely-spaced responses, or a
measure of how close two responses can be to each other and still be distinguished from each other. For
responses of equal amplitude, the response resolution is equal to the 50% (—6 dB) impulse width. It is
inversely proportional to the measurement frequency span, and is also a function of the window used in the
transform. The approximate formulas for calculating the 50% impulse width are given in Table 3-3. For
example, using the formula for the bandpass mode with a normal windowing function for a 50 MHz to 13.05
GHz measurement (13.0 GHz span):

_ 098

50 percent calculated impulse width WGHZ) X

= 0.151 nanoseconds

Electrical length (in air ) = (0.151 x 107 s ) X ( 30 x 10° ¢m j
s

= 453 centimeters

With this measurement, two equal responses can be distinguished when they are separated by at least 4.53
centimeters. In a measurement with a 20 GHz span, two equal responses can be distinguished when they
are separated by at least 2.94 cm. Using the low pass mode (the low pass frequencies are slightly different)
with a minimum windowing function, you can distinguish two equal responses that are about 1.38
centimeters or more apart.

For reflection measurements, which measure the two-way time to the response, divide the response
resolution by 2. Using this example, you can distinguish two faults of equal magnitude provided they are 0.69
centimeters (electrical length) or more apart.

NOTE Remember, to determine the physical length, the relative velocity factor of the transmission
medium under test must be entered into the electrical length equation.
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For example, a cable with a PTFE dielectric (0.7 relative velocity factor), measured under the conditions
stated above, has a fault location measurement response resolution of 0.45 centimeters. This is the
maximum fault location response resolution. Factors such as reduced frequency span, greater frequency
domain data windowing, and a large discontinuity shadowing the response of a smaller discontinuity, all act
to degrade the effective response resolution.

Figure 3-24 illustrates the effects of response resolution. The solid line shows the actual reflection
measurement of two approximately equal discontinuities (the input and output of an SMA barrel). The
dashed line shows the approximate effect of each discontinuity, if they could be measured separately.

Figure 3-24  Response Resolution
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While increasing the frequency span increases the response resolution, keep the following points in mind:

+ The time domain response noise floor is directly related to the frequency domain data noise floor.
Because of this, if the frequency domain data points are taken at or below the measurement noise floor,
the time domain measurement noise floor is degraded.

» The time domain measurement is an average of the response over the frequency range of the
measurement. If the frequency domain data is measured out-of-band, the time domain measurement is
also the out-of-band response.

You may (with these limitations in mind) choose to use a frequency span that is wider than the test device
bandwidth to achieve better resolution.
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Range Resolution

Time domain range resolution is defined as the ability to locate a single response in time. If only one
response is present, range resolution is a measure of how closely you can pinpoint the peak of that
response. The range resolution is equal to the digital resolution of the display, which is the time domain
span divided by the number of points on the display. To get the maximum range resolution, center the
response on the display and reduce the time domain span. The range resolution is always much finer than
the response resolution (see Figure 3-25).

Figure 3-25 Range Resolution of a Single Discontinuity
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Gating

Gating provides the flexibility of selectively removing time domain responses. The remaining time domain
responses can then be transformed back to the frequency domain. For reflection (or fault location)
measurements, use this feature to remove the effects of unwanted discontinuities in the time domain. You
can then view the frequency response of the remaining discontinuities. In a transmission measurement, you
can remove the effects of multiple transmission paths.

Figure 3-26a shows the frequency response of an electrical airline and termination. Figure 3-26b shows the
response in the time domain. The discontinuity on the left is due to the input connector. The discontinuity on
the right is due to the termination. We want to remove the effect of the connector so that we can see the
frequency response of just the airline and termination. Figure 3-26¢ shows the gate applied to the connector
discontinuity. Figure 3-26d shows the frequency response of the airline and termination, with the connector
"gated out."

Figure 3-26  Sequence of Steps in Gating Operation
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Setting the Gate

Think of a gate as a bandpass filter in the time domain (see Figure 3-27). When the gate is on, responses
outside the gate are mathematically removed from the time domain trace. Enter the gate position as a start
and stop time (not frequency) or as a center and span time. The start and stop times are the bandpass filter
—6 dB cutoff times. Gates can have a negative span, in which case the responses inside the gate are
mathematically removed. The gate's start and stop flags define the region where gating is on.
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Figure 3-27  Gate Shape
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Selecting Gate Shape

The four gate shapes available are listed in Table 3-4. Each gate has a different passbhand flatness, cutoff
rate, and sidelobe levels.

Table 3-4 Gate Characteristics

Gate Shape Passband Ripple | Sidelobe Levels Cutoff Time Minimum Gate Span
Gate Span
Minimum +0.10 dB —48 dB 1.4/Freq Span 2.8/Freq Span
Normal +0.10 dB —68 dB 2.8/Freq Span 5.6/Freq Span
Wide +0.10 dB -57 dB 4.4/Freq Span 8.8/Freq Span
Maximum +0.10 dB -70dB 12.7/Freq Span 25.4/Freq Span
Note: With 1601 frequency points, gating is available only in the bandpass mode.

The passband ripple and sidelobe levels are descriptive of the gate shape. The cutoff time is the time
between the stop time (—6 dB on the filter skirt) and the peak of the first sidelobe, and is equal on the left
and right side skirts of the filter. As shown in Table 3-4, the minimum gate span is just twice the cutoff time
because it has no passhand. Always choose a gate span wider than the minimum. For most applications, do
not be concerned about the minimum gate span, simply use the knob to position the gate markers around
the desired portion of the time domain trace.
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Using This Chapter

This chapter contains instructions for the following tasks:

* Printing or plotting your measurement results

v oo o0l d o dd o dd

Configuring a print function

Defining a print function

Printing one measurement per page

Printing multiple measurements per page

Configuring a plot function

Defining a plot function

Plotting one measurement per page using a pen plotter
Plotting multiple measurements per page using a pen plotter
Plotting a measurement to disk

To view plot files on a PC

Outputting plot files from a PC to a plotter

Outputting plot files from a PC to an HP-GL compatible printer
Outputting single page plots using a printer

Outputting multiple plots to a single page using a printer
Plotting multiple measurements per page from disk

Titling the displayed measurement

Configuring the analyzer to produce a time stamp

Aborting a print or plot process

Printing or plotting the list values or operating parameters

Solving problems with printing or plotting

+ Saving and recalling instrument states

U U o o0 dodd

Saving an instrument state
Saving measurement results
Re-saving an instrument state
Deleting a file

Renaming a file

Recalling a file

Formatting a disk

Solving problems with saving or recalling files
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Printing or Plotting Your Measurement Results
You can print your measurement results to the following peripherals:

+ printers with GPIB interfaces
» printers with parallel interfaces
» printers with serial interfaces

You can plot your measurement results to the following peripherals:

* HPGL compatible printers with GPIB interfaces

* HPGL compatible printers with parallel interfaces
+ plotters with GPIB interfaces

» plotters with parallel interfaces

+ plotters with serial interfaces

Most Hewlett-Packard desktop printers and plotters are compatible with the analyzer. For a list of
recommended peripherals, refer to the configuration guide for your analyzer. The following Web site also
contains a link to the configuration guide:

www.agilent.com/find/8753

A printer compatibility guide (an up-to-date list of printers that are compatible with the network analyzer)
can be found at the following Web site:

www.agilent.com/find/pcg
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Configuring a Print Function

All copy configuration settings are stored in non-volatile memory. Therefore, they are not affected if you
press or switch off the analyzer power.

1. Connect the printer to the interface port.

Figure 4-1 Printer Connections to the Analyzer

QT
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3
\
GPIB Parallel RS-232
Port Serial Port
2. Press SET ADDRESSES PRINTER PORT PRNTR TYPE until the correct

printer choice appears:

[ ThinkJet (QuietJet)

[ Deskdet (This supports most current models such as DeskJet 890C, DeskJet 895C, or DeskJet 1600C.
See also DJ 540 selection.)

LaserJet (only Laserdet models IIl, 4, 5, and 6)
PaintJet
Epson-P2 (printers that conform to the ESC/P2 printer control language, such as Epson LQ-570)

I I W

DJ 540 (This can be used for printers that do not support 100 dots per inch (dpi) but do support 300
dpi such as HP DeskdJet 540 or 850C.)

NOTE Selecting DJ 540 converts 100 dpi raster information to 300 dpi raster format. If your DeskJet
printer does not support the 100 dpi raster format and your printing results seem to be
smaller than the normal size (approximately one-half of the page), select DJ 540.

Information regarding a printer compatibility guide (an up-to-date list of printers that are compatible with
the network analyzer) is available in "Printing or Plotting Your Measurement Results" on page 4-3.
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3. Select one of the following printer interfaces:

Choose PRNTR PORT GPIB if your printer has a GPIB interface, and then configure the print
function as follows:

a. Enter the GPIB address of the printer, followed by (x1).

b. Press and SYSTEM CONTROLLER if there is no external controller connected to
the GPIB bus.

c. Press and USE PASS CONTROL if there is an external controller connected to the
GPIB bus.

Choose PARALLEL if your printer has a parallel (Centronics) interface, and then configure the

print function as follows:

Press and then select the parallel port interface function by pressing PARALLEL until
the correct function appears.

(d If you choose PARALLEL [COPY] , the parallel port is dedicated for normal copy device use
(printers or plotters).

(d Ifyouchoose PARALLEL [GPIO] , the parallel port is dedicated for general purpose I/0, and
cannot be used for printing or plotting.

Choose SERIAL if your printer has a serial (RS-232) interface, and then configure the print
function as follows:

a. Press PRINTER BAUD RATE and enter the printer's baud rate, followed by (x1).

b. To select the transmission control method that is compatible with your printer, press
XMIT CNTRL (transmit control - handshaking protocol) until the correct method appears.

(1 If you choose Xon-Xoff ,the handshake method allows the printer to control the data
exchange by transmitting control characters to the network analyzer.

( If you choose DTR-DSR , the handshake method allows the printer to control the data
exchange by setting the electrical voltage on one line of the RS-232 serial cable.

NOTE Because the DTR-DSR handshake takes place in the hardware rather than the firmware

or software, it is the fastest transmission control method.
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Defining a Print Function

NOTE The print definition is set to default values whenever the power is cycled. However, you can
save the print definition by saving the instrument state.

1. Press (Copy) DEFINE PRINT
2. Press PRINT: MONOCHROME or PRINT: COLOR

(4 Choose PRINT: MONOCHROME if you are using a black and white printer, or you want just
black and white from a color printer.

(1 Choose PRINT: COLOR if you are using a color printer.
3. Press AUTO-FEED until the correct choice (ON or OFF) is highlighted.

(1 Choose AUTO-FEED ON if you want to print one measurement per page.
(1 Choose AUTO-FEED OFF if you want to print multiple measurements per page.
NOTE Laser printers and some DeskJet printers do not begin to print until a full page, or a partial

page and a form feed, have been received.

If You Are Using a Color Printer

1. Press PRINT COLORS

2. If you want to modify the print colors, select the print element and then choose an available color.

NOTE You can set all the print elements to black to create a hardcopy in black and white.

Since the media color is usually white or clear, you could set a print element to white if you
do not want that element to appear on your hardcopy.
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To Reset the Printing Parameters to Default Values

1. Press DEFINE PRINT DEFAULT PRNT SETUP
Table 4-1 Default Values for Printing Parameters
Printing Parameter Default
Printer Mode Monochrome
Auto Feed ON
Printer Colors
Channel 1 and 3 Data Magenta
Channel 1 and 3 Memory Green
Channel 2 and 4 Data Blue
Channel 2 and 4 Memory Red
Graticule Cyan
Warning Black
Text Black
Ref Line Black

Printing One Measurement Per Page

1. Configure and define the print function, as explained in "Configuring a Print Function" on page 4-4 and
"Defining a Print Function" on page 4-6.

2. Press PRINT MONOCHROME

If you defined the AUTO-FEED OFF , press PRINTER FORM FEED after the message COPY
OUTPUT COMPLETED appears.
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Printing Multiple Measurements Per Page

1. Configure and define the print function, as explained in "Configuring a Print Function" on page 4-4 and
"Defining a Print Function" on page 4-6.

2. Press DEFINE PRINT and then press AUTO-FEED until the softkey label appears as
AUTO-FEED OFF

3. Press RETURN PRINT MONOCHROME to print a measurement on the first half page.

4. Make the next measurement that you want to see on your hardcopy. Figure 4-2 shows an example of a
hardcopy where two measurements appear.

5. Press PRINT MONOCHROME to print a measurement on the second half page.

NOTE This feature will not work for all printers due to differences in printer resolution.

Figure 4-2 Printing Two Measurements
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Configuring a Plot Function

All copy configuration settings are stored in non-volatile memory. Therefore, they are not affected if you
press or switch off the analyzer power.

Peripheral Interface Recommended Cables
Parallel 92284A

GPIB 10833A/33B/33D
Serial 24542G

1. Connect the peripheral to the interface port using the recommended cable from the following list.

Figure 4-3 Peripheral Connections to the Analyzer
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GPIB Parallel RS-232
Port Serial Port

If You Are Plotting to an HPGL/2 Compatible Printer
2. Press SET ADDRESSES PLTR PORT and then press PLTRTYPE[ ] until HPGL
PRT appears.

Information regarding a printer compatibility guide (an up-to-date list of printers that are compatible with
the network analyzer) is available in "Printing or Plotting Your Measurement Results" on page 4-3.

3. Configure the analyzer for one of the following printer interfaces:

» Choose PRNTR PORT GPIB if your printer has an GPIB interface, and then configure the print
function as follows:

a. Enter the GPIB address of the printer (default is 01), followed by (x1).

b. Press and SYSTEM CONTROLLER if there is no external controller connected to
the GPIB bus.
c. Press and USE PASS CONTROL if there is an external controller connected to the
GPIB bus.
* Choose PARALLEL if your printer has a parallel (Centronics) interface, and then configure the

print function as follows:
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Press and then select the parallel port interface function by pressing PARALLEL until
the correct function appears.

( If you choose PARALLEL [COPY] , the parallel port is dedicated for normal copy device use
(printers or plotters).

( If you choose PARALLEL [GPIO] , the parallel port is dedicated for general purpose I/0, and
cannot be used for printing or plotting.

Choose SERIAL if your printer has a serial (RS-232) interface, and then configure the print
function as follows:

a. Press PRINTER BAUD RATE and enter the printer's baud rate, followed by (xI).

b. To select the transmission control method that is compatible with your printer, press
XMIT CNTRL (transmit control - handshaking protocol) until the correct method appears.

[ If you choose Xon-Xoff ,the handshake method allows the printer to control the data
exchange by transmitting control characters to the network analyzer.

(d Ifyouchoose DTR-DSR , the handshake method allows the printer to control the data
exchange by setting the electrical voltage on one line of the RS-232 serial cable.

NOTE Because the DTR-DSR handshake takes place in the hardware rather than the firmware

or software, it is the fastest transmission control method.

4. Press SET ADDRESSES PLOTTER PORT and then PLTR TYPE until
PLTR TYPE [HPGL PRT] appears.

If You Are Plotting to a Pen Plotter

1. Press SET ADDRESSES PLOTTER PORT and then PLTR TYPE until
PLTR TYPE [PLOTTER] appears.

2. Configure the analyzer for one of the following plotter interfaces:

Choose PLTR PORT GPIB if your plotter has a GPIB interface, and then configure the plot
function as follows:

a. Enter the GPIB address of the plotter (default is 05), followed by (x1).

b. Press and SYSTEM CONTROLLER if there is no external controller connected to
the GPIB bus.

c. Press and USE PASS CONTROL if there is an external controller connected to the
GPIB bus.

Choose PARALLEL if your plotter has a parallel (Centronics) interface, and then configure the

plot function as follows:

d Press and then select the parallel port interface function by pressing PARALLEL
until the correct function appears.
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— If you choose PARALLEL [COPY] , the parallel port is dedicated for normal copy device
use (printers or plotters).

— If you choose PARALLEL [GPIO] , the parallel port is dedicated for general purpose 1/0,
and cannot be used for printing or plotting.

+ Choose SERIAL if your plotter has a serial (RS-232) interface, and then configure the plot function
as follows:

a. Press PLOTTER BAUD RATE and enter the plotter's baud rate, followed by (x1).

b. To select the transmission control method that is compatible with your plotter, press
XMIT CNTRL (transmit control - handshaking protocol) until the correct method appears.

(1 If you choose Xon-Xoff ,the handshake method allows the plotter to control the data
exchange by transmitting control characters to the network analyzer.

( If you choose DTR-DSR , the handshake method allows the plotter to control the data
exchange by setting the electrical voltage on one line of the RS-232 serial cable.

NOTE Because the DTR-DSR handshake takes place in the hardware rather than the firmware
or software, it is the fastest transmission control method.

If You Are Plotting Measurement Results to a Disk Drive

The plot files that you generate from the analyzer, contain the HPGL representation of the measurement
display. The files will not contain any setup or formfeed commands.

CAUTION Do not mistake the line switch for the disk eject button when you are removing the disk from
the analyzer. If the line switch is mistakenly pushed, the instrument will be turned off, losing
all settings and data that have not been saved.

1. Configure the analyzer to plot to disk.

a. Press SET ADDRESSES PLOTTER PORT DISK
b. Press (Save/Recall ) SELECT DISK and select the disk drive that you will plot to.
* Choose INTERNAL DISK if you will plot to the analyzer internal disk drive.
+ Choose EXTERNAL DISK if you will plot to a disk drive that is external to the analyzer. Then
configure the disk drive as follows:
1. Press CONFIGURE EXT DISK ADDRESS: DISK and enter the GPIB address to the
disk drive (default is 00) followed by (x1).
2. Press DISK UNIT NUMBER and enter the drive where your disk is located,
followed by (x1).
3. If your storage disk is partitioned, press VOLUME NUMBER and enter the volume

number where you want to store the instrument state file.
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2. Press (Copy) PLOT

The analyzer assigns the first available default filename for the displayed directory. For example, the
analyzer would assign PLOTOOFP for a LIF format (PLOT00 . FP for a DOS format) if there were no

previous plot files saved to the disk.

Figure 4-4 shows the three parts of the file name that are generated automatically by the analyzer
whenever a plot is requested. The two digit sequence number is incremented by one each time a file
with a default name is added to the directory.

Figure 4-4 Automatic File Naming Convention for LIF Format

PLOT@DFPX
I

SAME

OPTIONAL CHARACTER THAT
IS PART OF A MULTIPLE FILE PLOT ON THE

OUTPUT FORMAT CODE THAT
QUADRANT POSITION OR FULL PAGE.

GRATICULE.

FP

FULL PAGE (DEFAULT)

LU

LEFT UPPER QUADRANT

LL

LEFT LOWER QUADRANT

RU

RIGHT UPPER QUADRANT

RL

RIGHT LOWER QUADRANT

PLOT
ROOT

To Output the Plot Files

FILES SEQUENCE NUMBER (#g TO 31)
OF FILENAME

* You can plot the files to a plotter from a personal computer.

INDICATES THE FILE

} USER GENERATED

INDICATES THE PLOT

AUTO GENERATED

ph646¢c

* You can output your plot files to an HPGL compatible printer, by following the sequence in "Qutputting
Plot Files from a PC to an HPGL Compatible Printer" on page 4-23.

*  You can run a program that plots all of the files, with the root filename of PLOT, to an HPGL compatible
printer. This program is provided on the CD-ROM of example programs that is included in the
programmer’s guide. However, this program is for use with LIF formatted disks and is written in HP

BASIC.
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Defining a Plot Function

1. Press DEFINE PLOT

Choosing Display Elements

» Choose which of the following measurement display elements that you want to appear on your plot:

(1 Choose PLOT DATA ON if you want the measurement data trace to appear on your plot.

(1 Choose PLOT MEM ON if you want the displayed memory trace to appear on your plot.

(1 Choose PLOT GRAT ON if you want the graticule and the reference line to appear on your plot.

(1 Choose PLOT TEXT ON if you want all of the displayed text to appear on your plot. (This does
not include the marker values or softkey labels.)

(d Choose PLOT MKR ON if you want the displayed markers, and marker values, to appear on your
plot.

Figure 4-5 Plot Components Available through Definition

Text Time-Date
Marker On CH1 ,/ 1 MUREF 4 mu "-"I"' }
| . T 7 ™~ Marker )
/::‘l\\ Infarmation
\
\ //Data
]
Graticule-Referen: \
Line /
/]
pa5167e
Selecting Auto-Feed
*  Press AUTO-FEED until the correct choice is highlighted.
(1 Choose AUTO-FEED ON if you want a “page eject” sent to the plotter or HPGL compatible
printer after each time you press PLOT
(1 Choose AUTO-FEED OFF if you want multiple plots on the same sheet of paper.
NOTE The peripheral ignores AUTO-FEED ON when you are plotting to a quadrant.
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Selecting Pen Numbers and Colors

* Press MORE and select the plot element where you want to change the pen number. For example,

press PEN NUM DATA and then modify the pen number. The pen number selects the color if you are
plotting to an HPGL/2 compatible color printer.

Press after each modification.

NOTE The following color assignments are valid for HPGL/2 compatible color printers only. When
using word processor or graphics presentation programs, different colors may be assigned to
the pen numbers.

Table 4-2 Default Pen Numbers and Corresponding Colors

Pen Number Color Pen Number Color
0 white 4 yellow
1 cyan 5 green
2 magenta 6 red

3 blue 7 black

Table 4-3 Default Pen Numbers for Plot Elements

Corresponding Key Plot Element Pen Numbers
Channel 1 | Channel 2
PEN NUM DATA Measurement Data Trace 2 3
PEN NUM MEMORY Displayed Memory Trace 5 6
PEN NUM GRATICULE Graticule and Reference Line 1 1
PEN NUM TEXT Displayed Text 7 7
PEN NUM MARKER Displayed Markers and Values 7 7
NOTE You can set all the pen numbers to black for a plot in black and white.

You must define the pen numbers separately for each measurement channel (channel 1/3
and channel 2/4).

Selecting Line Types
» Press MORE and select each plot element line type that you want to modify.

— Select LINE TYPE DATA to modify the line type for the data trace. Then enter the new line type
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(see Figure 4-6), followed by (x1).

— Select LINE TYPE MEMORY to modify the line type for the memory trace. Then enter the new
line type (see Figure 4-6), followed by (x1).
Table 4-4 Default Line Types for Plot Elements

Plot Elements Channel 1 Line Type Numbers | Channe 2 Line Type Numbers
Data Trace 7 7
Memory Trace 7 7

Figure 4-6 Line Types Available

0— Specifies dots only at the points that are plotted.
17

pg6135d

NOTE You must define the line types for each measurement channel (channel 1/3 and channel
2/4).

Choosing Scale

*  Press SCALE PLOT until the selection appears that you want.

(1 Choose SCALE PLOT [FULL] if you want the normal scale selection for plotting. This includes
space for all display annotations such as marker values and stimulus values. The entire analyzer
display fits within the defined boundaries of P1 and P2 on the plotter, while maintaining the exact
same aspect ratio as the display.

(1 Choose SCALE PLOT [GRAT] if you want the outer limits of the graticule to correspond to the
defined P1 and P2 scaling point on the plotter. (Intended for plotting on preprinted rectangular or
polar forms.)
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Figure 4-7 Locations of P1 and P2 in SCALE PLOT [GRAT]
P2

#p

P1

pgb157d

Choosing Plot Speed

*  Press PLOT SPEED until the plot speed appears that you want.

(1 Choose PLOT SPEED [FAST] for normal plotting.

(4 Choose PLOT SPEED [SLOW] for plotting directly on transparencies. (The slower speed

provides a more consistent line width.)

To Reset the Plotting Parameters to Default Values

Press DEFINE PLOT MORE
Table 4-5 Plotting Parameter Default Values

MORE  YES

Plotting Parameter Default Value Plotting Parameter Default Value
Select Quadrant Full page Plot Scale Full

Auto Feed ON Plot Speed Fast

Define Plot All plot elements on Line Type 7 (solid line)

Pen Numbers: Channel 1 and 3

Pen Numbers: Channel 2 and 4

Data 2 Data 3
Memory 5 Memory 6
Graticule 1 Graticule 1
Text 7 Text 7
Marker 7 Marker 7
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Plotting One Measurement Per Page Using a Pen Plotter

1. Configure and define the plot, as explained in "Configuring a Plot Function" on page 4-9 and "Defining a
Plot Function" on page 4-13.

2. Press (Copy) PLOT

(1 If you defined the AUTO-FEED OFF , press PLOTTER FORM FEED after the message
COPY OUTPUT COMPLETED appears.
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Plotting Multiple Measurements Per Page Using a Pen Plotter

1. Configure and define the plot, as explained in "Configuring a Plot Function" on page 4-9 and "Defining a
Plot Function" on page 4-13.

2. Press (Copy) SELQUAD] ]

3. Choose the quadrant where you want your displayed measurement to appear on the hardcopy. The
following quadrants are available:

(d LEFT UPPER
(d LEFT LOWER
(d RIGHT UPPER
(d RIGHT LOWER

The selected quadrant will appear in the brackets under SEL QUAD [ ]

Figure 4-8 Plot Quadrants

CHI S21  log MAG 1 dB/ REF —20 dB CHl Sp1  log MAG_ 1 dB/ REF —20_dB
(5 TRANSTESION JRESPARGE. JROGRATION p FU[L 2-FORT [CALBRRTION
Cor. Cor
MV | 1 —
<A
START .300 000 MHz STOP 3 000.000 MHz START .300 000 MHz STOP 3 000.000 Mz
CHI S21_ log MAG 10 db/ REF -0 dB 2. —11.821 dB CHI S21 log MAG 10 db/ REF —UD dB _ U: —61721 dB
o EeE s 3 | 55 pe
Cor % Cor
MARKER ¥ MARKER
655.6 [ns 1[0132 ps
196,34 m 57356 m
v
“ y
AT A A,
L T T L T " \l
y Tt “ |u
b Ly I Lol !
CHI CENTER 1 ps SPAN 2 ms CH1 CENTER 1 ms SPAN 2 us

pgbbe

Press PLOT

Make the next measurement that you want to see on your hardcopy.

Press and choose another quadrant where you want to place the displayed measurement.

A A

Repeat the previous three steps until you have captured the results of up to four measurements.
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If You Are Plotting to an HPGL Compatible Printer

1. Configure and define the plot, as explained in "Configuring a Plot Function" on page 4-9 and "Defining a
Plot Function" on page 4-13.

2. Press PLOT  PLOTTER FORM FEED to print the data the printer has received.

NOTE Use test sequencing to automatically plot all four S-parameters.
1. Set all measurement parameters.
2. Perform a full 2-port calibration.

3. Enter the test sequence:

NEW SEQ/MODIFY SEQ SEQUENCE 1 SEQ1
Refl: FWD S11 (A/R)
SELQUAD [ ] SELECT DISK LEFT UPPER PLOT

Trans: FWD S21 (B/R)

SELQUAD [ ] LEFT LOWER PLOT
Refl: REV S22 (B/R)

SELQUAD [ ] RIGHT UPPER PLOT
Trans: REV $12 (B/R)

SELQUAD [ ] RIGHT LOWER PLOT
DONE SEQ MODIFY

4. Run the test sequence by pressing:

DO SEQUENCE SEQUENCE 1 SEQ1
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To View Plot Files on a PC

Plot files can be viewed and manipulated on a PC using a word processor or graphics presentation program.
Plot files contain a text stream of HPGL (Hewlett-Packard Graphics Language) commands. In order to import
a plot file into an application, that application must have an import filter for HPGL (often called HGL). Two
such applications from the Lotus® suite of products are the word processor “Ami Pro” and the graphics
presentation package “Freelance Graphics.” Additionally, a utility is available to convert plot files to PCX
format so they can be used in additional PC applications.

NOTE Lotus applications are not supported by Hewlett-Packard. The following procedures are
provided for informational use only. Other applications or other versions of the same

application may function differently.

When viewed in such programs, the color and font size of the plot may vary from the output of an HPGL/2
compatible color printer. The following table shows the differences between the color assignments of
HPGL/2 compatible printers and Lotus applications. Also refer to "Selecting Pen Numbers and Colors" on
page 4-14.

Table 4-6 Color Assignment Differences hetween HPGL/2-Compatible Printers and Lotus Applications

HPGL/2 Printer Lotus Applications
Pen Number Color Pen Number Color
0 white N/A N/A
1 cyan (aqua) 1 black
2 magenta (red-violet) 2 red
3 blue 3 green
4 yellow 4 yellow
5 green 5 blue
6 red 6 red-violet (magenta)
7 black 7 aqua (cyan)

To modify the color or font size, consult the documentation for the particular application being used.

NOTE

Plot files may also be saved to a floppy disk as a JPEG file and used on a personal computer.

Refer to "Saving in Graphical (JPEG) Form" on page 4-44.

Using Ami Pro

To view plot files in Ami Pro, perform the following steps:

1. From the FILE pull-down menu, select IMPORT PICTURE.
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2. Inthe dialog box, change the File Type selection to HPGL. This automatically changes the file suffix in the
filename box to *.PLT.

NOTE The network analyzer does not use the suffix *.PLT, so you may want to change the filename
filter to *.” or some other pattern that will allow you to locate the files you wish to import.

3. Click OK to import the file.

4. The next dialog box allows you to select paper type, rotation (landscape or portrait), and pen colors. You
will probably need to change pen colors.

NOTE The network analyzer uses pen 7 for text. The default color in Ami Pro for pen 7 is aqua,
which is not very readable against the typical white background. You may want to change
pen 7 to black.

5. After all selections have been made, the file is imported and rendered in a small graphics frame which
can be sized to the page by grabbing one of the nodes and stretching the box as required.

*  You will notice that the annotation around the display is not optimum, as the Ami Pro filter does not
accurately import the HPGL command to render text.

Using Freelance
To view plot files in Freelance, perform the following steps:

1. From the FILE pull-down menu, select IMPORT.
2. Setthe file type in the dialog box to HGL.

NOTE The network analyzer does not use the suffix *.HGL, so you may want to change the filename
filter to *.” or some other pattern that will allow you to locate the files you wish to import.

3. Click OK to import the file.

* You will notice that when the trace is displayed, the text annotation will be illegible. You can easily fix
this with the following steps:

a. From the TEXT pull-down menu, select FONT.

b. Select the type face and size. (Fourteen point text is a good place to start.)

c. Click OK to resize the font.
To change the font color, just do it immediately after you resize the font using the same dialog
box.

Converting HPGL Files for Use with Other PC Applications

A utility can convert hpgl (or .fp) files to other PC applications. This utility, named hp2xx, is available to be
downloaded without charge (on donation basis only) from Free Software Foundation. You may download this
file using the information available on the following Web site: ftp://ots.external.hp.com/rfmw/lou/

To convert HPGL files to be used with other PC applications.
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1. Using the instructions on the Free Software Foundation website, FTP the hp2xx file and save it on a
floppy disk as “hp2xx.exe”.

2. Create the following batch file and save it on the same floppy disk as “hpglconv.bat”.
The batch file consists of the following two lines:

@ echo off
A:\hp2xx.exe -m pcx %1

(where “A” is the disk drive where the floppy disk in installed.)
3. Insert the floppy disk (with the two files already installed) into your analyzer.

4. Make sure the measurement that you want to convert is displayed on the analyzer display.

5. Create an HPGL file of the measurement and save it to the floppy disk by pressing
SET ADDRESSES PLOTTER PORT DISK PLOT

6. Remove the floppy disk from the analyzer and insert it back into the PC.

7. Using Explorer or File Manager, click and drag the icon of the newly-created hpgl file onto the icon of the
hpglconv.bat file. This process creates a PCX format file from the hpgl file.

NOTE This conversion method has been used to convert many measurement displays. However,
this conversion utility is not supported by Agilent Technologies.

Outputting Plot Files from a PC to a Plotter

1. Connect the plotter to an output port of the computer (for example, COM1).
2. If using the COM1 port, output the file to the plotter by using the following command:
C:> TYPE PLOTO0.FP > COM1l
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Outputting Plot Files from a PC to an HPGL Compatible Printer

To output the plot files to an HPGL compatible printer, you can use the HPGL initialization sequence linked in
a series as follows:

Step 1. Store the HPGL initialization sequence in a file named hpglinit.

Step 2. Store the exit HPGL mode and form feed sequence in a file named exithpgl.
Step 3. Send the HPGL initialization sequence to the printer.

Step 4. Send the plot file to the printer.

Step 5. Send the exit HPGL mode and form feed sequence to the printer.

Step 1. Store the HPGL initialization sequence.

1. Create a test file by typing in each character as shown in the left column of Table 4-7. Do not insert
spaces or linefeeds. Most editors allow the inclusion of escape sequences.

For example, in the MS-DOS editor (DOS 5.0 or greater), press CNTRL-P (hold down the CTRL key and
press P) followed by the ESCape key to create the escape character.

2. Name the file hpglinit.
Table 4-7 HPGL Initialization Commands

Command Remark
<esc>E conditional page eject
<esc>&12A page size 8.5 x 11
<esc>&I10 landscape orientation (lower case 1, one, capital O)
<esc>&all no left margin (a, zero, capital L)
<esc>&a400M no right margin (a, 4, zero, zero, capital M)
<esc>&I0E no top margin (lower case 1, zero, capital E)
<esc>"c7680x5650Y frame size 10.66"x 7.847" (720 decipoints/inch)
<esc>"pb0xb0Y move cursor to anchor point
<esc>*c0T set picture frame anchor point
<esc>"r-3U set CMY palette
<esc>%1B enter HPGL mode; cursor at PCL

NOTE As shown in Table 4-7, the <esc> is the symbol used for the escape character, decimal value

21.
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Step 2. Store the exit HPGL mode and form feed sequence.

1. Create a test file by typing in each character as shown in the left column of
Table 4-8. Do not insert spaces or linefeeds.

2. Name the file exithpgl.
Table 4-8 HPGL Test File Commands

Command Remark
<esc>%0A exit HPGL mode
<esc>E form feed

Step 3. Send the HPGL initialization sequence to the printer.

Type print hpglinit to send the initialization sequence to the printer.

Step 4. Send the plot file to the printer.

Type print filename (where £ilename is the name of the HPGL plot file) to send the plot file to the
printer.

Step 5. Send the exit HPGL mode and form feed sequence to the printer.

Type print exithpgl to send the HPGL mode and form feed sequence to the printer.

Outputting Single Page Plots Using a Printer

You can output plot files to an HPGL compatible printer using the DOS command line and the files created in
the previous steps. This example assumes that the escape sequence files and the plot files are in the current
directory and the selected printer port is PRN.

Command Remarks

C:> type hpglinit > PRN
C:> type PLOT00.FP> PRN
C:> type exithpgl > PRN
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Outputting Multiple Plots to a Single Page Using a Printer

Refer to "Plotting Multiple Measurements Per Page Using a Pen Plotter” on page 4-18 for the naming
conventions for plot files that you want printed on the same page. You can use the following batch file to
automate the plot file printing. In this example, the batch file is be saved as “do_plot.bat.” However, before
running this batch file, you must first create the hpglinit file and the exithpgl file described in
"Outputting Plot Files from a PC to an HPGL Compatible Printer" on page 4-23.

rem

rem Name: do_plot

rem

rem Description:

rem

rem output HPGL initialization sequence to a file:spooler
rem append all the requested plot files to the spooler
rem append the formfeed sequence to the spooler

rem copy the file to the printer

rem

rem (This routine uses COPY instead of PRINT because COPY
rem will not return until the action is completed. PRINT
rem will queue the file so the subsequent DEL will likely
rem generate an error. COPY avoids this.)

rem

echo off

type hpglinit > spooler

for %%i in (%1) do type %%i >> spooler
type exithpgl >> spooler

copy spooler LPT1

del spooler

echo on

For example, you have the following list of files to plot:
PLOTO00.LL
PLOTO00.LU
PLOTO00.RL
PLOT00.RU

You would invoke the batch print as follows:

C:> do_plot PLOTO0O.*
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Plotting Multiple Measurements Per Page from Disk

The following procedures show you how to store plot files on a LIF formatted disk. A naming convention is
used so you can later run an HP BASIC program on an external controller that will output the files to the
following peripherals:

* aplotter with auto-feed capability, such as the HP 7550B

» an HP-GL/2 compatible printer, such as the LaserJet 4 series (monochrome) or the DeskJet 1200C or
DeskdJet 1600C (color)

The program is provided on the CD-ROM of example programs that is included in the programmer’s guide.
The file naming convention allows the program to initiate the following:

* toinitialize the printer for HP-GL/2 at the beginning of a page
+ to plot multiple plot files on the same page

+ to send a page eject (form feed) to the hardcopy device, when all plots to the same page have been
completed

The plot file name is made up of four parts; the first three are generated automatically by the analyzer
whenever a plot is requested. The two digit sequence number is incremented by one each time a file with a
default name is added to the directory.

Figure 4-9 Plot Filename Convention

PLOT@DFPX
L L

I

IS PART OF A MULTIPLE FILE PLOT ON THE

OPTIONAL CHARACTER THAT INDICATES THE FILE
USER GENERATED
SAME  GRATICULE.

OUTPUT FORMAT CODE THAT INDICATES THE PLOT
QUADRANT POSITION OR FULL PAGE.

FP | FULL PAGE (DEFAULT)
LU | LEFT UPPER QUADRANT AUTO GENERATED
LL | LEFT LOWER QUADRANT

RU| RIGHT UPPER QUADRANT
RL | RIGHT LOWER QUADRANT

PLOT FILES SEQUENCE NUMBER (#¢ TO 31)
ROOT OF FILENAME

ph646c
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To Plot Multiple Measurements on a Full Page

You may want to plot various files to the same page, for example, to show measurement data traces for
different input settings, or parameters, on the same graticule.

1.
2.

10.
11.

Define the plot, as explained in "Defining a Plot Function" on page 4-13.

Press PLOT  DEFINE PRINT . The analyzer assigns the first available default filename
for the displayed directory. For example, the analyzer would assign PLOTOO0FP if there were no previous
plot files on the disk.

Press (Save/Recall ) and turn the front panel knob to highlight the name of the file that you just saved.

Press FILE UTILITIES RENAME FILE and turn the front panel knob to place the T pointer to
the A character.

Press SELECT LETTER DONE

Define the next measurement plot that you will be saving to disk.

For example, you may want only the data trace to appear on the second plot for measurement

comparison. In this case, you would press DEFINE PLOT and choose
PLOT DATA ON PLOT MEM OFF PLOT GRAT OFF PLOT TEXT OFF
PLOT MKR OFF

Press PLOT . The analyzer will assign PLOTOOFP because you renamed the last file saved.

Press (Save/Recall ) and turn the front panel knob to highlight the name of the file that you just saved.

Press FILE UTILITIES RENAME FILE and turn the front panel knob to place the T pointer to
the B character.

Press SELECT LETTER DONE

Continue defining plots and renaming the saved file until you have saved all the data that you want to put
on the same page. Renaming the files as shown allows you to use the provided program, that organizes
and plots the files, according to the file naming convention.

Plot File Recognized Filename
First File Saved PLOTOOFPA
Second File Saved PLOTOOFPB
Third File Saved PLOTOOFPC
Fourth File Saved PLOTOOFPD
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Figure 4-10 shows plots for both the frequency and time domain responses of the same device.

Figure 4-10 Plotting Two Files on the Same Page
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To Plot Measurements in Page Quadrants

1. Define the plot, as explained in "Defining a Plot Function" on page 4-13.

2. Press (Copy) SELQUAD] ]

3. Choose the quadrant where you want your displayed measurement to appear on the hardcopy. The
selected quadrant appears in the brackets under SEL QUAD [ ]

Figure 4-11 Plot Quadrants

CH1 S21 log MAG 1 dB/ REF —20 dB CH1 S21 log MAG 1 dB/ REF —20 dB
P TAANSHESSION [RESPONSE QALTBRATION p FYL 2-PORT [CALBRATON
Cor Cor
AN L+
~
START .300 000 MHz STOP 3 000.000 MHz START .300 000 MHz STOP 3 000.000 Mz
CHI S21__ log MAG 10 db/ REF 40 a8 2 -11.821 d CHI S21 _log MAG 10 db/ REF —u0 o8 4 —61721 db
PP 6556 s 3 | | 1975 ps]
Cor 2 Cor
MARKER ¥ MARKER
655.6 [ns \ 19132 s H
196,44 m 573.9 m
h ¥
i
[ A gy,
| LN | LI
y Tt “ |"
b1y I L da !
CHI CENTER 1 ps SPAN 2 s CHI CENTER 1 ps SPAN 2 s

pgb5e

4. Press PLOT . The analyzer assigns the first available default filename for the selected quadrant. For
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example, the analyzer would assign PLOT01LU if there were no other left-upper quadrant plots on the
disk.

5. Make the next measurement that you want to see on your hardcopy.

6. Repeat this procedure for the remaining plot files that you want to see as quadrants on a page. If you
want to see what quadrants you have already saved, press (Save/Recall ) to view the directory.
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Titling the Displayed Measurement

1. Press MORE  TITLE  to access the title menu.

2. Press ERASETITLE and enter the title you want for your measurement display.

If you have a DIN keyboard attached to the analyzer, type the title you want from the keyboard. Then
press ENTER to enter the title into the analyzer. You can enter a title that has a maximum of 50
characters. (For more information on using a keyboard with the analyzer, refer to the “Options and
Accessories” chapter of the reference guide.)

If you do not have a DIN keyboard attached to the analyzer, enter the title from the analyzer front
panel.

a.

b.

C.

d.

Turn the front panel knob to move the arrow pointer to the first character of the title.

Press SELECT LETTER

Repeat the previous two steps to enter the rest of the characters in your title. You can enter a title
that has a maximum of 50 characters.

Press DONE to complete the title entry.

Figure 4-12 Example of a Display Title

CHI Sz, leog MAG i@ dB- REF -50 dB
vouR peAsufEmeEn] TITLE GoE§ HERY

TITLE

e e——t..,
AECDEFGHI Ran-aGESTu»wxvt,alzs4%5789 e ke
T I] T 1

L3 "
[y e P
o L~ i

1
|
|

CENTER 135 @28 2280 MHz SPAM 5@ 088 228 MHz

aw000029

CAUTION  The NEWLINE and FORMFEED keys are not intended for creating display titles.

Those keys are for creating commands to send to peripherals during a sequence program.
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Configuring the Analyzer to Produce a Time Stamp

You can set a clock, and then activate it, if you want the time and date to appear on your hardcopies.

1.

oL~

®© N o o

Press SET CLOCK

Press SET YEAR and enter the current year, followed by (x1).

Press SET MONTH and enter the current month of the year, followed (x1).
Press SET DAY and enter the current day of the month, followed by (x1).

Press SET HOUR and enter the current hour of the day (0-23), followed by (x1).
Press SET MINUTES and enter the next immediate minute, followed by (x1).
Press ROUND SECONDS when the current time is exactly as you have set it.
Press TIME STAMP until TIME STAMP ON appears on the softkey label.

Aborting a Print or Plot Process

1.
2.

Press the key to stop all data transfer.
If your peripheral is not responding, press again or reset the peripheral.
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Printing or Plotting the List Values or Operating Parameters
Press LIST and select the information that you want to appear on your hardcopy.

» Choose LIST VALUES if you want a tabular listing of the measured data points, and their current
values, to appear on your hardcopy. This list will also include the limit test information, if you have the
limits function activated.

* Choose OP PARMS (MKRS etc) if you want a tabular listing of the parameters for both
measurement channels to appear on your hardcopy. The parameters include: operating parameters,
marker parameters, and system parameters that relate to the control of peripheral devices.

If You Want a Single Page of Values

1. Choose PRINT MONOCHROME for a printer or PLOT  for a plotter peripheral, to create a
hardcopy of the displayed page of listed values.

2. Press NEXT PAGE to display the next page of listed values. Press PREVIOUS PAGE to display

the previous page of listed values. Or, you can press NEXT PAGE or PREVIOUS PAGE
repeatedly to display a particular page of listed values that you want to appear on your hardcopy. Then
repeat the previous step