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PREFACE

About this manual

[ WARNING |

The purpose of this manual is to show how the 62008 Series of RF and
Microwave Test Sets (MTS) can be used for common miCrowave measurements.
1t serves to demonstrate many of the features and capabilities of the MTS in actual
measurement situations. By following the example measurement procedures
provided in this guide you will soon become familiar with the basic controls and
capabilities of the instrument, and will see how quickly and easily accurate
measurernents can be made,

This chapter provides an overview of front panel operation and then presents a
general procedure for making microwave measurements. The same procedure is
followed throughout the examples in Chapter 2.

Chapter 2 illustrates the MTS at work making some typical measurements. The
examples provided illustrate many of the instrument's features and their ease of
implementation. A basic insertion loss measurement is covered first, with
subsequent examples generally becoming more complex. The chapter concludes
with an example showing how vector and time domain measurements can be made
when a 6210 Reflection Analyzer is connected to the MTS.

When you are familiar with the basic operation of the MTS, you can then make
fullest use of the more detailed information contained in the MTS Operating
Manual, which includes detailed descriptions of all the soft key menus, GPIB
operation is not coverad in this manual; this information can be found in the GPIB
Operating Manual.

Observe the warnings given in the ‘Precantions’ section of the Operating
Manual for the 62008 Series RF and Microwave Test Sets.

Conventions

The following conventions are used in this manual:

CAPS Capitals are used to identify names of controls and pane}
markings, or system functions where no direct reference to
an associated key is intended.

[CAPS} Capitals in square brackets indicate hard key titles.

{Italics] Italics in square brackets indicate soft key titles.

fAveraging e} A after a soft key title indicates that the key has & toggle
action, and that the function is enabled.

{Averaging o} A'C" after a soft key title indicates that the key has a toggle
action, and that the function is disabled,

46882-265F
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Chapter 1
INTRODUCTION

Controls overview

The front panel of the MTS has been designed 1o simplify operation and provide a
logical approach to making measuremenss. It is assumed that you are familiar
with the basic concepts of the MTS user interface; this is covered in detail at the
front of Chapter 3 of the MTS Operating Manual. A briel outline of the functions
of the front panel hard keys is given below:

The Function keys

These give access to the main operational aspects of the MTS, and provide a
logical approuch to making measurements. Soft keys and menus are used for
further selection. The keys in this group are:

[SOURCE]

[MEASURE]

[CAL]

[FORMAT]

[SCALING]

[MARKERS]

The System keys

Provides control of the synthesized sweep
generator and the programmable voltage/current
source.

Provides menus allowing the measurement to be
set up and defined, and 1o apply various
functions {o aid examination and interpretation
of the measurement results,

Enables system errors to be removed prior to a
meesurement, detectors/sensors to be zeroed and
sensors to be calibrated.

Enables selection of the units in which scalar
measurements are displayed. For reflection
analyzer measurements, this key enables
selection of the display format in which the
information is presented.

Enables the size and placement of the trace on

the graticule to be adjusted.

Provides access o various marker functions,
which allow the measurement to be examined in
greater detail.

These provide access (o various system functions:

[COPY]

Accesses the hard copy capabilities of the MTS.
Hard copies off all measurements can casily be
obtained, either on a suitable parallel printer or a
GPIB plotter with HPGL language.
Recommended printers/plotters are fisted in
'Associated Eguipment' in Chapter 1 of the MTS
Operating Manual.

48882-265F
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[SAVE/RECALL]

[MACROQ]

[UTILITY]
[(HOLD]

[LOCAL}

[PRESET]

The Display keys

Enables instrument settings and measurement
traces to be saved or recalled. Memory cards
can be used to extend the number of stores
available. Facilities are also provided to make
measurements relative to a previously stored
measorement,

Enables a sequence of key presses and on-
sereen operator prompts o be stored and Jater
recalled to simplify and automate complex
measurement tasks.

Provides access o instrument setup, service and
diagnostics functions,

Used to hold (freeze) the display of a
measurement.

sed to return the instrument io local (front
panel) operation after being put into the remote
(GPIB contrelled) mode. Tt will also terminate a
MACIe.

Returns the instrument to its default set-up
conditions. Alernatively, it can be set to the
conditions defined by settings store 10, or a
macre cae be run to define the startup
conditions.

These are used to specify the number of channels and measurements that are to be
displayed, which of these s active, and enables the channel mode to be defined
(i.¢. scalar, readout, fault location or reflection analyzer).

[SELECT MEAS]

[MEAS 1 ON/OFF]

[MEAS 2 ON/OFF]

[SWITCH CHANNEL]

[CHANNEL MODE]

Cycles arcound all the displayed measurements,
making each active in turn,

TFoggles measurement 1 on or off within the
active channel

Toggles measurement 2 on or off within the
active channel

Switches to the other channel, making it active.

Determines the type of measurement that the
channel displays (scalar, readout, fault location
or reflection analyzer).

1-2
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General measurement sequence

Below is a summary of the general measurement procedure that is used in the
example measurements presented in Chapter 2. The sequence shows provides a
systematic approach to making microwave measurements. Some steps may not be
relevant to a particular measurement, for example, format and scaling do not apply
to frequency readout measurements.

&

Use [PRESET] to put the instrument inte a known state.

Use IMEAS 1 ON/OFF], IMEAS Z ON/OFF], [SWITCH CHANNEL] to
define the display configuration.

Use [SOURCE] to define the stimulus to be applied during the |
measurement.

Use [MEASURE] to define the measurements to be made,

Use [CAL] to calibrate ouf any systemafic errors in the measurement path,
to zero detectors/sensors, and to calibrate sensors.

Use [FORMAT] to select the units for cach measurement response.

Use [SCALING] to select the appropriate scale and position for each
measurement frace.

Use [MARKERS] and other MTS features to examine the measurement in
detail.

Use [COPY] w0 create a pennanent record of the measurement results.

Use [SAVE/RECALL] to save the instrurnent or measurement traces for
future use, and to specifly measurements relative to memory.

In the example measurements of Chapter 2, the actual keys to be pressed are
shown in the left hand column of the page. In the right hand column an
explanation of the effect of the keys is given.

46882-265F
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Precautions

Microwave connectors

Care shouid be taken when using microwave connectors, both on the MTS and
any accessories that are used, such as cables, adapters, attenuators, etc,
Complying with the following precautionary notes will ensure longer component
fife time and less equipment downtime due to connector or component failure.
These measures wilt also help to ensure that the componenis will operate within
specification and give repeatable results,

. The precision connectors fitied to the MTS, and its accessories may be
damaged by mating with a non-precision type. Damage to these and other
connectors may occur if the connector interface parameters are not within
specification. This should be checked with the appropriate gauging tool. It
is strongly recommended that every connector be gauged prior to its first
use and regularly thereafter, e.g. every 20 connections,

. Fhe precise geometry of the connectors can be easily degraded by dirt and
other contarnination adbering to connector interfaces. Alcohol is the
recommended cleaning agent, and a clean, damp cotton swab is the
recommended applicator. When not in use, keep the connectors covered
with the protective caps provided.

. Always use the correct mating techmigues, In particular, the two connectors
1o be mated should be pressed together such that the pin penetrates the
collet prior to the nut being tightened. Never rofate one conacctor body
relative to the other because this wears out the mating interfaces, thus
reducing connector lifetime.

. Avotid over-torquing connectors during mating, because it may damage the

conmeclor centre pin or may cause the connector body to turn in its housing,

. Avoid mechanical shock by dropping or otherwise roughly handling
MICTOWAVE COMPONEnts.

Calibration kit handling precautions

The calibration kit used for reflection analyzer measvrements requires special
handling precautions to be observed. Refer to Appendix E in the MTS Operating
Manual for full details,

Excessive detector input power

The 6230A/L Series EEPROM scalar detectors that are used with the 6200B
Series MTS utilise zero-biassed Schottky diedes. These are of a physically small
geometry and consequently can be damaged under high power conditions. It is
strongly recommended that care is taken to avoid exceeding an input power
of +20 dBm for *A’ versions and +26 dBm for ‘L.’ versions during normal
operation.

1-4
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Chapter 2
EXAMPLE MEASUREMENTS

Example 1. Insertion loss measurement of a band-pass

filter

In the first example measurement, we will measure the insertion loss response of a
9 GHz band-pass filter. This will be a narrowband measurement so that the
passband response can be examined in detail. The measurement system is shown
below:

]

00000 |
0

00 00000

DUT

6230
DETECTOR

G201

Fig. 2-1 Setup for single channel insertion loss measurement

Although a ratio system involving a reference detector and # power splitter could
be used w improve mismatch uncertainty, the source match of the syathesized
sweep generator within the MTS is sufficiently good to make it unnecessary in the
majority of measurement situations. {Example 5 provides an example of a raticed
measurement.)

Connect the detector as shown in Fig. 2-1. The 6230 detector contains a self-
identification mechanism which results in the appropriate linearity correction data
being applied automatically.

Step 1 - Preset the instrument to a known state

[PRESET] Pressing these keys will result in the instrument

[Defaulit Settings] heing preset to jts default state, as defined in
Appendix A of the Operating Manual. The Channel
Mode menu will be displayed along with a single
scalar channel measurement of input A (Fig. 2-2).

46882-265F
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Microwave Test Get RAF CFF [Channel Mada

B »+20.00 dBm 1 “

1A
[11-62.16 dBm  10.00 8/

Fault
Lecation

k1 [ Duat Channel

Dispiay 5
Chanrgel

Stop 265000 Gz | | Coupling 4

Qigsd

Start 10.0000 MHz I1]16.6000 Wz

Fig. 2-2 Single channel display

Step 2 - Define the display configuration

Measurement I of channe] 1 will be vsed to display the insertion loss of the filter.
Since the default state of the instrument is a single scalar channel displaying
measurement 1, we can proceed mmediately to Step 3.

Step 3 - Define the source conditions

Following the pressing of the [PRESET] key in Step 1, all the source parameters
have been set to their default values. A complete Hst of the default conditions may
be found in Appendix A, but the major ones are shown below:

Start Frequency 10 MHz (F ;)

Stop Freguency Maximum available (F ..}
Cutput Power O dBm

Number of Points 401

Sweep Time Auto

RF Off

Source Mode Start & Stop Frequency Sweep

Channel Coupling On

Sinee the passband of the filter we wish to measure is centred at 9 GHz, it is
necessary to change the start and stop frequency values. The output power level,
aumber of measurement peints and sweep time can remain at their default
settings.

2-2
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Siep 4

[SOGURCE] This results in a dialogue box being displayed which

[Set Start Frequency]  shows the existing valuc of the parameter and
prompts you to enter a new value. Whilst such a
dialogue box is displayed the rotary control and step
keys may be used to change the value; aliematively
the numeric keys may be used o enter a specific
value.

[81[G] Once entered, the graticule annotation wiil reflect the
change in start frequency value.

[Set Stop Frequency] Sets the stop frequency to 10 GHz.

[11[01[G]

[ENTRY OFF] The dialogue box is removed by pressing this key.

[RF o} RFE power is toggled on and off by pressing this soft
key. The indicator in the bottom right hand corner of
the soft key box is illuminated and the RF ON
symbol is displayed in the instrument status
information field (at the top of the display) in red.

An indicator above the RF OUTPUT connector is
also illuminated when the RF power is turned on.

- Define the measurements

From Fig. 2-1 we see that the insertion loss is measured by a scalar detector
connected to input A of the MTS. Again, no changes need to be made since all
measurements default to input A following PRESET,

At this stage, the decision to use either AC or DC detection should be made.
When making swept measurements, AC detection mode will tend o give you
better low level measurernents than DC detection. The reason is that in AC
detection mode, the RF output is chopped, and the analyzer constantly compares
the RF ON level to the RF OFF level. Because the analyzer is always measuring
the RF OFF level, the effects of zero drift are effectively cancelied. In the DC
detection mode, an unmodulated RE signal is used and the detector simply
converts the incident RF to an equivalent DC output. This mode will have to be
used, for example, when measuring amplifiers with avtomatic gain control that
cannot handle AC modulation.

It should be noted that the detection mode is not affected by an instrument preset;
it is the same as the detection mode that existed when the iasstrument was last
powered down. In this example, the DC detection mode will be used, and is set as
follows:

[IMEASURE} 1€ the {12C Detection] soft key label is not
[General Set-up] highlighted, press it to gelect DC detection mode.
[DC Detection]

It is worth noting that by default, i.e. following the use of the [PRESET] key,
detector autozeroing is enabled. This is indicated by the AZ indicator in the
General Information Area. When it is on, detector zeroing will be performed as a

46882-265F
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background task in the inter-sweep period. The RF is turned off automatically
whilst the zero takes place. This process removes any drift in the zero level of the
data acguisition system. If you change the detector connected to a particular input,
you should perform a manual detector zero by selecting [CAL] [Det/Sensor Zera]
[Zero Detectors].

Step 5 - Calibrate the measurement system

Before making any measurements on the filter the measurement system must be
calibrated.

Although the synthesized sweep generator produces a levelled cutput signal
there are still some residual errors resuiting in a source power flatness accuracy
of +1 dB. Also, any components such as cables and adapters placed between the
source's RF output and the DUT will have a frequency response. In addition, the
scalar detector or autofester being used to make the measurement also has a
power variation with frequency. All of these power variations with frequency
will affect the accuracy of the measurement and should therefore be removed.
Since they are systematic variations their effect can be removed by performing a
"Path Calibration', i.e. by calibrating out the variations in the measurement path.

[CAL) Presents a text box informing you that you are
[Through Cal] zbout to perform a through path cal and that the

path cal store to be used is store 1. The message
also prompts you (o make a through connection,
i.¢. connget the detector on input A to the RF
output of the MTS (via any cables or adapters
that will be used to connect the RF output to the
DUT).

[Continue] Initiates the path calibration.

Having completed the through path calibration for the measurement path, the path
cal data is automatically applied to measurement 1. This is indicated by the
presence of PC1 in the trace information box for that measurement, and shows
that path cal store 1 has been applied. I the path calibration becomes invalid (e.q.
due to subsequent changes in measurement parameters), a warning message will
be displayed and the path cal indication changes o PC17?,

Now connect the filter between the connecting cable and the scalar detector.

Step 6 - Choose the format

When the [FRESET] key was pressed in Step 1 the default format for a scalar
channel was set to dBm. Since the measurements are now relative to the path
calibrations their units are displayed in dB. Ne change is therefore required to the
default format setting.

Step 7 - Select appropriate scaling

The default scaling is satisfactory for this measurement, i.e. a reference level of
+20 dB located at the top graticule line and a scale factor of 10 dB/div.

46882-285F
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Step 8

Alternatively, suitable scaling could be achieved through the use of the autoscate
facility which results in setting the reference level and scaling such that the trace
gceupies approximately 80% of the graticule height.

1:A PCI dB  b+20.00 B 1
[1}-50.12 dB 16,00 4B

_ﬂ___
|

ity

1

Start B.00GO0 GHz [1]8.00000 GHz Stop 10.0000 GHz

L1985

=

SRR Y

Fig. 2-3 Insertion luss measurement

- Use markers and other MTS features to get detailed

information about the measurement

E is often necessary to obtain detailed inforrmation about a specific feature of a
measurement, This can be achieved through the use of markers. By default (ie.
following the use of the [PRESET] key} the active marker will be enabled. Use of
the rotary control wiil allow the marker to be moved anywhere across the graticule,
and the frequency domain and response values at any measurement point will be
displayed.

¥ it is required to determine the maximum point of the response, for example,
carry oul the following steps:

[MARKERS] Presents a sub-mens which allows access fo a
. number of functions which provide automatic
[Mr Fanctions] manipulation of the markers to measure

performance features such as -3 dB cutoff points
(for bandwidth measurements) and peak-to-peak
ripple. These functions are particularly useful for
measuring the performance of the band-pass
filter used in this example.

{Marker to Max/Min] Presents a sub-menu.

46882-265F
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fActive Mkr to Maximum|  Places the active marker (marker 1 by default) at
the maximum point of the response. This is the
point of minimum insertion loss in the filter pass
band, and the value 1s displayed in the frace
information box. The frequency at which this
aceurs is displayed below the graticuie,

[Return toe Mkr Funcs] Returns to the Mkr Funcs mens.

A bandwidth measurement can be carried out in the follow%%:g way:

[Bandwidth] Selects the Bandwidth menu.

[Set n dB Value] Sets the dB value that is used to determine the

{-1{31 [x1] bandwidth. In this case, the bandwidth will be
determined corresponding to the -3 dB points on
the trace.

[Bandwidth Search] Initiates the bandwidth search and displays the

result in a form overlaying the graticule, The
form is removed if there is any change in the
measurement or markers, or if the [ENTRY OFF]
key is pressed. If the bandwidth function is
successiul, marker number 7 will be placed at the
lower frequency -3 dB point, and marker number
8 will be placed at the upper one.

If the filter is tuneable, the tracking facility can be turned on using the [Tracking]
soft key, the bandwidth function is applied automatically at the end of each sweep,
thus continually updating the bandwidth measurement.

Other features of the Markers menu include:

IMARKERS] Used to enter a specific frequency value to which
{Position Active Marker] the active marker will be setl.

[Delta Mhr o] Enables the delta marker; this is indicated by A
on the display. Measurements are now made
relative o the delta marker position.

Another way of checking that the device under test (DUT) meets its specification is
through the use of limit checking. A Hmit 'mask’ is set which defincs the
acceptable performance for the DUT against which it will be checked. A pass/fail
indication is then displayed on the screen. As an example, consider the passband
response of the filter, which we will assume should fall within the limits -1 dB and
-2.5 dB relative to the path calibration, over the frequency range 8.9 GHz to

9.1 GHz. To test for this you can use Himit checking in the following way:

[MEASURE] A window is displayed containing Limit
fLimit Checking] Checking Specification 1 {(by default). This
FEdit Specification] consists of fields for start and stop dormain

vatues Le. stirnulus and the corresponding upper
and lower response values.

26
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[Add Segment] A new segment is added o the table with zero
values in ali fields. The start feld value is
highlighted. '

[Flat] It is possible to set slope and peint segments but
fo test the filter passband a flat segment is
reguired.

(8] .19 [Gn] This sets the start domain value to 8.9 GHz.

The highlight moves to the upper response field.

=1 {11 Ex11 An upper response value of -1 (dB) is selected.
. The highlight moves to the lower response tield.

WTE2REDIS] {x1] A Jower response value of -2.5 (dB) is selected.
The highlight now moves to the stop domain
field.

I IG,] This sets the stop domain value 10 9.1 GHz. The
highlight moves back to the start field since you
don'’t need to specily upper and lower response
values for the stop domain as they are the same
as those of the start domain value for a flat

segment.
[Return to Edit Spec] Retugns to the Lim Checking menu.
[Reiurn to Lim Checking]
[Limit Checking »] When this key is pressed the indicator in the

bottom right corner of the soft key label is
lluminated to indicate that limit check is now
‘o', The upper and Iower limit lines appear on
the graticule along with a window which containg
the pass/fafl indication as to whether the
measurement fafls within the limit specification
at every measurement point. The result is
updated every sweep.

Four different limit specifications can be defingd. By default, each specification
will be associated with a particular trace, but any of the others can be applied.
Before applying a it checking specification to a measurement, make it the active
one {if there is more than one measurement), then press:
[Assign Spec 1-4] Enter the required specification number and
terminate with the {x1] key.
Sipce limits are checked only at the actual measured data points, it is possible
for the device to be out of specification without a limit test failure indscation if
the point density is insufficient. Either specify a sufficiently high number of
measurcment points in the Source menu, or reduce the span of the frequency
sweep s0 that the passband occupies more of the display.

46882-265F 2-7
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Step 9 - Create a permanent record of the measurement results

Having obtained the measurement information reguired for the filter under test, it
may be necessary to produce a hard copy of the information. Note that a hard
copy can also be created at a later time by storing the measurement with
[SAVE/RECALL] (see Step 109 and using the hard copy feature on the recalled
measurement.

Use of the [COPY] key provides access to menus which ailow choice of either
graphical plot (via HPGL. GPIB plotter) or graphical print (via a suitable parailel
printer). If is also possibie to print measurement information in a tabular form.

To create a graphical plot of the measurement connect the plotter to the GPIB
connector. Also ensure that the MTS is in GPIB Controller Mode; if necessary
press IUTHLITY) [GPIB] [Controller Mode]. When this mode is in this effect, it
is indicated by the box surrounding the [Controller Mode ] soft key label being

highlighted.

H necessary, set the GPH3 address to suit the device in use:

{UTILITY} Press these keys and set the GPIB address to suit
[GPIB] the device in use.

{Plotter Address]

{COPY] Starts the plotting operation. The plotting wiil
[Graphical Plot] proceed as & background task since the data is

buffered. This allows further measurements to
be made whilst the plotting proceeds.

To create a priat of the measurement connect the printer to the PARALLEL

PRINTER connector.

[{COPY] Specifies the type of printer that is to be used,
{Select Printer] Note that only instruments which have software
[Epsan FX] at Version 4 or higher can support all three

or printer types shown here.

[HP DeskJei / Laser Jet]

or

[Canon B}

{COPY] Starts the printing operation. As for plotting, this
[Graphical Print] will be done as a background task.

The Copy menus also allows plots and prints to be customised by choosing which
graphical attributes are to be copied (for example graticule or marker information).

Step 10 - Save the instrument settings or measurement
traces for future use

Having configured the scurce conditions, and the measurement formar and scaling
for a particular DUT, it may be desirable to save them in non-volatite memory for
future use. This removes the need to perform the set-up sequence (steps 1, 2, 3, 4,
6 and 7) from the start each time a similar device is measured.

2-8
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[SAVE/RECALL] Before saving the current instrument settings it

[View Current Settings] may be preferable to examine the current major
instrument settings values.

[Return to Save/Recall] Saves the current instrument settings to seltings

[Save Settings] store number 1. Instrument settings can be

111 stored either in internal MTS memory oros a

memory card,
If the same device were (o be measured in the future the instrument settings
required are simply recalled:

[SAVE/RECALL] Recalis the instrument settings stored in store 1.
[Recall Settings]
(1 =13

To save the currently active measurement trace (o a specificd memory location
press

[SAVE/RECALL] When prompted, enter the memory location
{Save Trace to Memory] identity number. The trace can be stored either
[H Ex1] in internal MTS memory or on & memory card.

A text editor is then presented which enables a
measurement title to be entered, if required.

Some of the instrument settings are also saved with the measurement, These are
required in order that the instrument can re-create the chasnel and measurement
setup necessary to display the trace as if appeared at the time when it wag stored.
If a stored measurement needs to be displayed (e.g. for comparison with the
current measurement), the memory can be recalied using:

[SAVE/RECALL] Recalls the measurement trace in store 1.
[Display Memory]

(1} x1]

It should be noted that when a trace memaory is recalled, the instrument settings

that were saved with it may affect the other measurement that is displayed. The
option is given of using either the saved settings or the current settings.

improving the measurement

Although the above trace displays the required response of the filter, it lacks any
detail of the passband ripple due to the vertical scaling being 10 dB/div. This
could be improved by setting the reference level to 0 dB and the scale factor to
0.2 dB/div, for example:

[SCALING]

[Sef Ref Level]

[07 [x1] Seis the reference level to 0 dB.
[Set Scale]

{61 {.112] [x1] Sets the scale factor to 0.2 dB/div.

In addition, the span of the frequency sweep could be reduced so that only the
passband is displayed, giving better horizontal resolution,
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The measurement can be further improved by maximising the dynamic range so as
to lower the noise floor. The amount of noise on the trace can be redsced hy
turning on averaging and setting a longer sweep time. The procedure is similar to
that described above, but with some additional settings in the Souvrce and Measure

menus.

Steps 110 2

These are the same as before.

Step 3 - Define the source conditions

[SOURCE]

[Set Start Frequency]
811G,

[Set Stop Frequency]
101Gy

[Set Qutput Power]
[811x1]

[Sweep Time]

fUser Set Sweep Time]
[211x1]

FENTRY OFF]
[Return to Sonrce}

{RF o]

Steps 4107

These are the same as before,

Sets the start and stop frequencies to 8 GHz an
10 GHz.

Sets to the highest levelled output power
{8 dBm).

Sets the sweep e to 2 seconds; this has the
effect of reducing noise. Longer sweep times
may also be necessary to prevent incorrect
operation when testing certain devices.

Terminates numeric entry.
Returns to the Source menu.

Turns on the RF power.

Step 8 - Use markers and other MTS features to get detailed
information about the measurement

[MEASURE]
fAveraging|
[Averaging o]

Turns on averaging; this is indicated by the A
flag in the trace information box. In this
example, the average number is left at the
default value of 16, but can be changed using the
[Set Average Number] soft key, The minimum
amount of averaging should be selected to reduce
noise 1o an acceptable level, in order fo maintain
a sufficiently fast response.

The trace that results when the dynamic range s maximised in this way is shown

in Fig, 2-4.

When making measurements on a filter with a pass band below 2 GHz,
measurement inaccuracies can arise due to spurious RF signals appearing at the

210
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RF output during the frequency change switching points. These signals can be
removed by pressing [SOURCE] /RF Blanking].

A PC1 dB 42000 dB
A{11-60.28 dB 10.00 di/

Al

[ 4

R
[

N
// \\
@MW@W WM“ Py

Step 10.0000 GHz

Stari 8.00000 GHz

A{1]715.000 MHz

1nes

Fig. 2-4 Effect of maximising dynamic range and reducing noise
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Example 2: Insertion and return loss measurement

using an autotester

In the second example measurement, we will measure both the insertion loss and
return loss responses of a 9 GHz band-pass filter. As in the first example, this will
be a narrowband measurement so that the passband responses can be examined in
detail, The measurement system is shown below:

© |goooooo

23
5
©
)

SHORT CIRCUIT/
OPEN CIRCUIY

DUF

E)&"(?Ez(s‘:g"()ﬁ ”E i

\ } 1899

Fig. 2-5 Setup for simultanecus measurement of insertion and rerurn loss

Connect the detector and autotester as shown in Fig. 2-5. Both the 6230 detector
and the autotester adapter cable contain a self-identification mechanism which
results in the appropriate linearity correction data being applied automatically.

Step 1 - Preset the instrument to a known state

[PRESET] Sets the instrument te its default state.
[Default Settings]

Step 2 - Define the display configuration

A single channe]l will be used to display both the insertion loss and return loss of
the filter. Since the default state of the instrument is a single scalar channel
displaying measurement 1, it is only necessary (o enable measurement 2.

2-12
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IMEAS 2 ON/OFF] Determines whether measurement 2 is enabled
for the active channel., When this key is pressed
measurement 2 appears on channel 1.

Step 3 - Define the source conditions
ISOURCE]
[5et Start Frequency] Sets the start frequency to 8 GHz.
(811G,
[Set Stop Frequency] Sets the stop frequency to 14 GHz.
(1107 [G,]
[ENTRY OFF] Terminates naumeric entry.
IRF af Furns on the RF power,
Step 4 - Define the measurements

From Fig. 2.5 we see that insertion loss is measured by the scalar detector
cennected to input B and return loss is measured by the autotester connected to
input A. Since all measurements defauit to input A {following PRESET) it is
necessary to define the insertion loss measurement to be made from input B,

Before any changes can be made to the parameters of a measurement it must be
the "active measurement’. This is indicated by its trace information area being
surrounded by a highlight box (red when the display is in colour mode). It can be
seen that measurement 1 is the currently active measurement as indicated by the
presence of the highlight box surrounding the trace information area, and as such
it can have its parameters altered.

The first measurement we want to define is the insertion loss measured by the
sealar detector connected to input B. We choose to display this as measurement 1.
Before this can be done we must make it the "active measurement’.

[SELECT MEAS] Selects which of the displayed measurements is
the active measurement. As the key is pressed
the active measurement highlight box wiil move
between the displayed measurements. Make sure
you leave the display with measurement 1 as the
active measurement.

[MEASURE] Defines measurement 1 to measure input B, 1e.
[Single Input A, B, Cor D] the insertion loss through the filter. This is
B} indicated by 1:B appearing in the active

measurement trace information box,

As in Example 1, detector autozeroing is enabled following an instrument preset,
which means that detector zeroing will be performed as a background task in the
inter-sweep period. This process removes any drift in the zero level for both
detectors or autotesters connected to the insgrument. B you change the
detector/autotester connected to a particular input, you should perform a manual
detector zero by selecting [CAL) [Det/Sensor Zero | {Zero Detectors].

46882.265F
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Step 5 - Calibrate the measurement system

Before making any measurements on the filter the measurement system must be
calibrated to remove the effects of power varlations with frequency of the
components that comprise the measurement system.

We do this by performing a through path calibration for the transmitted power
path (i.e. insertion loss). In this example we also need to perform a short/opes path
calibration for the reflected power path (i.c. return loss),

Firstly, for input B the insertion Toss path.

[SELECT MEAS] Use this key to make measurement 1 the active
measurement.

[{CAL]} Presents a text box informing you that you are

{Through Calf about o perform a through path cal and that the

path cal store to be vsed is store T. The message
also prompts you to make a through connection,
i.e, connect the scalar detector on input B directly
to the Test Port of the autotester.

[Continue] Initiates the path calibration.

When calibration is completed for the insertion loss path, the path cal data is
automatically applied te measurement I, and is indicated by the presence of PC1
in the trace information box for that measurement. If the path calibration becomes
invalid (e.g. due to subsequent changes in measurement parameters), a warning
message will be displayed and the path cal indication changes to PC17.

12 order to measure returs Joss, the system must first be calibrated against a
knows reference. Open circuit or short circuit terminations are chosen as both
these devices theoretically reflect 100% of the power incident upon them, and
therefore have a return loss of 0 dB. If only an open circuil or short circuit is used,
however, there is an uncertainty added to the measurement due to test port
impedance mismatch. This uncertainty can be minimized by calibrating the
system against both open and shott circuits, then calculating the average (done
automatically by the MTS). The short/open path cal for the return Joss path is
done as follows:

[SELECT MEAS] Use this key to make measurement 2 the active
measurement,
[Short AND Open Cal] Presents a message stating that the path cal store

about to be used for the calibration is store 2, and
prompis you to connect a short (i.e. a short
circuit) to the Test Port of the autotester.

[Continue] Initiates the short circuit calibration. After
completing the short circuit cal, a message will
be displayed stating that an open (i.c. an opea
circuit) should be connected to the Test Port of
the autotester.

[Continuef Initiates the open circwit calibration.

2-14
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Upon completion of the short/open path calibration for the return loss path, the
path cal data is automatically applied to measurement 2. This is shown by PC2
which indicates that path cal store 2 is being applied to that measurement.

Now connect the filter between the autotester Test Port and the scalar detector.

Step 6 - Choose the format

When the [PRESET] key was pressed in Step 1 the default format for a scalar
channel was set to dBr. Since the measurements are now relative to the path
calibrations their units are displayed in dB. This is satisfactory for the insertion
and return loss measurements of this example.

Step 7 - Select appropriate scaling

The defanlt settings for scaling will be used i.e. a reference level of +20 dB and a
scale factor of 10 dB/div.

Alternatively, suitable scaling could be achieved through the use of the autoscale
facility which results in setting the reference level and scaling such that the trace
occupies approximately 80% of the graticule height.

Fig. 2-6 shows the insertion loss / return loss measurement.

1:B PC1 dB »+20.00 dB PzA PCZ dB «4+20.00 dB 1
[1]-41.36 dB 10.00 dB/ E (1i-0.208 dB 10.00 a8/

1 ;\(WT
i

¥

=
=

Start 6,00000 GHz _11}8.00000 GHz Stop 10.0000 GHz
G198

Fig. 2-6 Insertion and return loss measurement
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Step 8 - Use markers and other MTS features to get detailed
information about the measurement

Markers and limit checking can be used to obtain detailed information about
specific features of the measurement, as outlined in Example 1.

Step 9 - Create a permanent record of the measurement results

A hard copy of the measurement can be created via the menus accessed with the
[COPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement
traces for future use

Instument settings or measurement traces can be saved and recalled using the
[SAVE/RECALL] facilities, as with Exampie 1.
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Example 3: Dual channel insertion and return loss measure-

Step 1

Step 2

ment of a band-pass filter using an autotester

In this example measurement, the passband insertion loss and return loss
responses will be displayed on one channel, as in the Example 2, but in addition
the broadband insertion loss wili be displayed on the other channel. Most of the
steps are the same as in Example 2, so they will not be described in detail. The
measurement system is the same and is repeated below.

£

DROSCo00
IS
L

SHORT CIRCUIT
OPEN CIRCUIT

£230 .
DETECTOR ¢ '
PORT
\ ) G199

Fig. 2-7 Setup for dual channel insertion and return loss measurement

- Preset the instrument to a known state

[PRESET] Sets the instrument to its default state.

[Default Settings]

- Define the display configuration

We choose to display the three measurements as follows:

On channel 1 we will display simultaneous narrowband insertion and return loss
measurements and on channet 2 we will display the broadband insertion loss of
the filter,

[CHANNEL MODE]
[Dual Channel Display »]

Sets the display to dual channel mode, The
Channef Mode men is the default following an
instrument presei, so it is not necessary in this
case to press the [CHANNEL MODE} key.
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IMEAS 2 ON/OFF] Turns on measurement 2 of channel 1.

The display should now be as shown in Fig, 2-8,

Wicrowave Test Set RF OFF iChannel Mode;
1A g8m »+20,00 dBm ZA aBm «+20.00 dBm Scalar
(116245 dBm  10.00 dB/ [3]-62.45 ¢Bm__ 10.00 dB¥

Fault
Location

F X T S _fal A i b St et sy Lodon o tup
e i i W W < Pt et

it
Start 10.0000 MHz 1110.0600 MHz Stop 26.5000 GHz

LA dBm »420.08 dBm 2
116245 dBm  10.00 0B/

Dual Channei
Display .l
T ey e Y R R A el b
[Chanqel )
Start 10,0000 WAz [1]10.0000 MHz Stop 26,5000 GHz | \ Coupling 4

{1998

a1 . 54 Arrbiatti ik i h RS WA A PR T

Fig. 2-8 Two channel display

Step 3 - Define the source conditions

The sweep range will be set to 10 MHz - 20 GHz for the broadband insertion loss
measurement or chansel 2. Ensure channel 2 s the active channel, using
[SWITCH CHANNEL) if necessary.

[SOURCE] Sets the stop frequency to 20 GHz.

[Set Stop Frequency]

21 {61 (G}

Since the passband of the filter we wish to measure is centred at 9 GHz, it is
necessary to change the start and stop frequency values for channei 1.

By default, channels 1 and 2 are coupled, i.e. the source conditions are the same
for both channels. In order to have different conditions for each channel it 1s first
necessary to uncouple the channeis,

[CHANNEL MODE] The indicasor in the bottom right hand corner of
[Channel Coupling O] the soft key label is extinguished to indicate that
the source channels are no longer coupled.

We can now alter the start and stop frequencies for channei 1 to 8 GHz and
10 GHz respectively, provided it is the currently active channel.

[SWITCH CHANNEL] Use this key to ensure channel 1 is the active
channel,
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[SOURCE]

[Set Start Frequency] Sets the start frequency to 8 GHz.
[811{G,]

[Set Stop Frequency] Sets the stop frequency to 10 GHe.
[0 [G,]

[ENTRY OFF] Terminates parameter entry.

IRF o] Turns on the RF power.

Step 4 - Define the measurements

Return loss is measured by the autotester connected to input A, and will be
displayed as measorement 2 of channel 1. Since the defanlt measurement
definition is input A, no change is required here. Measurement 1 of channel 1 will
be used to display the narrowband insertion loss measured by the scalar detector
connected o input B, so the measurement definition is changed as follows:

[SELECT MEAS] Makes measurement | of channel 1 the active
measgrement.

[MEASURE]} Defines measurement 1 of channel 1 to measure

{Single Input A, B, Cor D] input B, i.e. the insertion loss through the filter.

IB] This is indicated by 1:B appearing in the active

measurement trace information box.

We now need to define the broadband insertion loss response on measurement
of channel 2.

ISELECT MEAS] Makes measurement 1 of channel 2 the active
measurement.
{MEASURE] Defines measurement 1 of channel 2 to measure

[Single Inpit A, B, C or D] input B, This is indicated by 1:B appearing in
{B] the active measurement trace information box.

Step 5 - Calibrate the measurement system

The measurement system must now be calibrated to remove the effecis of power
variations with frequency within the system, As in Example 2, this is done by
performing a through path calibration for the transmitied power path (i.e. insertion
loss), and a short/open path calibration for the reflected power path (i.e. return
loss).

Firstly, for input B, the passband insertion loss path, with the detector on input B
connected directly to the test port of the autotester.

[SELECT MEAS] Makes measurement 1 of channel 1 the active
measurement.

{CALj Performs the path calibration. When completed,

{Through Cal] the path cal data is automatically applied to the

{Continuef measurement, as indicated by the presence of

PC1 in the {race information box for that
measurement.

Now perform a short/open path cal on the autotester for the return loss path.

46882-265F
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[SELECT MEAS} Makes measurement 2 of channel 1 the active
HICASUTCIMEnt.

[Short AND Open Calj

[Continue] Initiates the short circuit calibration.

[Continue] Initiates the open circuit calibration,

Upen completion of the short/open path calibration for the return loss path, the
path cal data is automaticaily applied to measurement 2 of channel 1, This is
shown by PC2 which indicates that path cal store 2 is being applied to that
measurement.

Path calibrations are now being applied to both of the passband measurements on
channel 1, but not to the broadband insertion loss measurement on channel 2,
measurement 1. Since this measurement is to be made over a greater frequency
range, the same path calibration cannot be used as for the passband insertion loss
measuremnent, since the path cal data onty applies to the region in between the start
and stop frequency values of channel 1. A further path cal must be performed for
the broadband insertion loss measurement.

{SELECT MEAS] Makes measurement 1 of channel 2 the active
measurement. :

[Through Path Cal} Performs the path calibration and applies the

[Continue} path cal data to the measurement. PC3is
displayed in the trace information box for the
rgasurermnent.

Note that a path cal could firsi be done for the broadband response on channel 2,
which could then also be applied to the narrowband insertion loss measurernent on
channel 1. In this case, however, there would be fewer than 401 catibrated
measurement poinis and the intermediate ones would have to be obtained by linear
interpolation. Performing a unigue path calibration for the narrowband
measurernent avoids the use of interpolated data.

Now connect the filter between the autotester Test Port and the scalar detector,

Step 6 - Choose the format

[FORMAT] If required, use these keys to change the format

[VSWR] of the return loss measurement to VEWR, after
making measurement 2 of channel 1 the active
measurement. (This would not be appropriate,
however, for the filter measurement of this
example.)

Step 7 - Select appropriate scaling

The default settings for scaling witl be used.

2-20
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1:B__ PCt d8 »+20.00 dB 2k PC2 4B 442000 9B
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Fig. 2-9 Passband insertion and return loss and broadband insertion loss .

Step 8 - Use markers and other MTS features to get detailed
information about the measurement

Markers and limit checking can be used to obtain detailed information about
specific features of the measurement, as outlined in Example 1.

Step 9 - Create a permanent record of the measurement resuits

A hard copy of the measurement can be created via the menus accessed with the
{COPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement
traces for future use

Instrument settings or measurement traces can be saved and recalled using the
[SAVE/RECALL] facilities, as with Example 1.
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Example 4: Return loss measurement of a coaxial cable

using a return loss bridge
This example shows how to make a return loss measurement using a separate
return loss bridge and detector rather than an Auiotester or Test Head. The return
loss bridge and detector would normally be used with a 6202B RF Test Set,
cnabling users working in the RF band to make return loss measurements at
refatively low cost. However, the bridge/detector arrangement can also be used
with other instruments of the 62008 series.
The {ollowing procedure describes a return loss measurement on a 30 m length of
coaxial cable. The measurement setup is shown below:

@ 000009

SOURCE
RETURN b
LOSS BUT "‘QH A?Ié"}?;hg{m
8RIDGE
REFLECTED
5230
DETECTOR

caay
\.

Fig, 2-10 Setup for return loss measurement using a return loss bridge and
detector

Step 1 - Preset the instrument to a known state

[PRESET] Sets the Instrument 1o its default state,
[Default Settings]

Step 2 - Define the display configuration

Measurement T of channel 1 will be used 1o display the return loss of the
transmission line. Since the default siate of the instrument is & single scalar
channel displaying measuremnent 1, we can procecd immediately to Siep 3.

222
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Step 3 - Define the source conditions

[SOURCE}

[Set Start Frequency] Sets the start frequency to 870 MHz.
(8] [7} HO] [Mp}

[Set Stop Frequency} Sets the stop frequency to 1 GHz.
[1116G,]

[ENTRY OFF] Terminates aumeric entry.

{RF o] Turns on the RF power.

Step 4 - Define the measuremenis

Since the return loss is measured by a scalar detector connected to input A, no
change needs to be made to the measurement definition since all measurements
default to input A following PRESET.

{MEASURE] AC detection is used to reject signals from other
{Generai Set-upj sources (such as transmitters) which could
JAC Detection] intesfere with the measurement.

Step 5 - Calibrate the measurement system

In order to measure return loss, the system must first be calibrated against a

known reference, Open circuit or short circuit terminations are chosen as both

these devices theoretically reflect 100% of the power incident upon them, and

therefore have a return loss of O dB. _

[CAL] A message is displayed asking for either a short

{Short OR Open Cal] gircuit or open circuit to be connected to the test
(DUT) port of the bridge. In this example, it is
only necessary to leave the DUT port open for
the calibration, since this will resuit in 100%
reflection at lower frequencies.

[Continunel Initiates the short circuit calibration,
Upon completion of the calibration, the path cal data is automatically applied to
the return loss measurement, as indicated by PIC1 in the trace information box.

Now connect the cable under test to the DUT port of the bridge, and terminate the
cable with either the antenna or a suitable load.

The remaining steps would be similar to thosc of the previous examples.
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Example 5: Insertion and return loss measurement
using an autotester and a reference channel

It might be assumed that, having performed a path calibration, the traces obtained
are a true representation of the response of the device under test (DUT). This
assamption may not always be correct, however, since:

There may be changes in the input power to the DUT caused, for example,
by drift in the RF source or flexing of the RF cable introducing a changed
loss between the source and the DUT.

Errors can be caused by a poor source match, which particularly affects
highly reflecting and low ioss device measurements. This results in
relatively large amounts of signal returning to the RF output of the MTS and
being re-reflected back towards the DUT. This is seen as a ripple
superimposed on the measurement.

In this example, insertion and return loss will again be measured for the 9 GHz
band-pass filter, but a reference channel will be used to reduce the effects of the
above etrors. The measurement system is shown in Fig. 2-11. The RF output is
fed to a power splitter in order to provide a separate reference channel to monitor
the power near the measurement port, i.e. the actual incident power reaching the
DUT. Any variations in the DUT input Jevel are measured by the reference
channel, and the MTS compensates for the variation by ratioing the reference
signal with the reflected and transmitted signal measurements. Using this
technique, measurement ripples up to | dB due to multiple reflections can be
reduced to less than 4.2 dB.
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Step 1

Step 2

RESISTIVE
SPLITTER

6736
DETECTOR

SHORT CIRCUH/
OPEN CIRCUIT

5230
DETECTOR ¢

™

Fig, 2-11 Setup for insertion and return loss measurement using on autotester and a
reference channel

Because of the power loss through the resistive splitter, there is a corresponding
foss In the maximum displayed dynamic range of the measurement. Alteratively,
a high directivity directiona! coupler could be used instead of a splitter to sample
the actual power incident upon the DUT.

A power divider should not be used as these devices have an unacceptably high
SWR

- Preset the instrument to a known state

[PRESET] Sets the instrument to its default state.
[Defanlt Settings]

- Define the display configuration

A single channel will be used to display both the insertion loss and return loss of
the filter. Since the default state of the instrument is a single scalar channel
displaying measurement 1, it is only necessary to enable measurement 2.

{MEAS 2 ON/OFF] Turns on measurement 2.

46882-265F
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Step 3 - Define the source conditions

[SOURCE]

[Set Start Frequency] Sets the start frequency to 8 GHz,
8] [G]

[Set Stop Frequency] Sets the stop frequency to 10 GHz.
RANLURLES

JENTRY OFF] Terminates numeric entry.

[RF o] Turns on the RF power.

Step 4 - Define the measurements

From Fig. 2-11 it can be seen that insertion loss is measured by the scalar detector
connected to input B and return loss is measured by the autotester connected 1o
input A. The detector that measures the reference signal is connected o input C.
Since afl measurcments default to iaput A (following PRESET) it is necessary to
define the inseriion and return less measurements to be made from the appropriaie
ratios.

The first measurement we want to define is the ratioed insertion loss measured by
the detectors connected to inputs B and C. We choose o display this as
measurement 1.

[SELECT MEAS] Makes measurement 1 the active measurement,
[MEASURE] Defines measurement 1 to measure the ragio
fInput Ratio] B/ C. Thisis indicated by 1:B/C appearing in
[B/] the active measurement trace information box.
B/CY

{Return to Input Ratio]

[SELECT MEAS] Make measurement 2 the active measurement.
{A/] Defines measurement 2 to measure the ratio
fA/C] A/ C. This is indicated by 2:A/C appearing in

the active measuremnent trace information box.

Step 5 - Calibrate the measurement system

The measurement system must now be calibrated to remove the effects of power
variations with frequency within the system. As in previous examples, this is done
by performing a through path calibration for the transmitted power path (i.e.
insertion loss), and a short/open path catibration for the reflected power path (i.c.
return loss),

Firstly, for input B, the insertion loss path, with the detector on input B connected
direcily to the test port of the autotester.

2-26

46882-265F

CS.C(

om



www.valuetronics.com

EXAMPLE MEASUREMENTS

Step 6

Step 7

{SELECT MEAS] Makes measurement | the active measurement.
[CAL] Performs the path calibration. When completed,
[Through Cal} the path cal data is automatically applied to the

measurement, as indicated by the presence of
PC1in the trace information box for that
measurement.

{Continuej

Now perform a short/open path cal on the autotester for the return loss path.

[SELECT MEAS] Makes measurement 2 the active measurement.
[Short AND Open Cal]

[Continue} Initiates the short circuit calibration.
[Continue] Initiates the open circuit calibration.

Upon completion of the short/open path calibration for the return loss path, the
path cal data is automatically applied to measurement 2. This is shown by PC2
which indicates that path cal store 2 is being applied to that measurement.

Now connect the filter between the autotester Test Port and the scalar detector
connected to input B.

- Choose the formaf

[FORMATI] ¥ required, use these keys to change the format

[VSWR] of the return loss measurement to VSWR, after
making measurement 2 the active measurement.
{This would not be appropriate, however, for the
filter measurement of this example.)

- Select appropriate scaling

The default settings for scaling will be used.
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Fig. 2-12 Insertion and return loss measurement using a reference channel

Step 8 - Use markers and other MTS features io get detailed
information about the measurement
Markers and Hmit checking can be used to obtain detailed information about

specific features of the measurement, as outlined in Example 1.

Step 9 - Create a permanent record of the measurement results
A hard copy of the measurement can be ereated via the menus accessed with the

[COPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement traces
for future use

Instrument settings or measurement traces can be saved and recalled using the
[SAVE/RECALLY facilitics, as with Example 1.
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Example 6: Return loss measurement of a waveguide
using a single waveguide coupler

In this example a return loss measurement will be made on a section of waveguide
over the frequency range 8 GHz to 12.4 GHz. The measurement setup is shown in
Fig. 2-13.
TFhe principles involved in making measurements on waveguide devices are the
same as for coaxial components. However, there are some practical differences in
thke measurement methods, as described below:

Coaxial-to-waveguide adapters are required to allow the system detectors o
be used, The maich of the detector will be degraded by the VSWR of the
adapter, so these should be of low VSWR 0 reduce measurement
uncertainty.

Waveguide directional couplers are used instead of an autotester or bridge.
Couplers should have a directivity of at least 40 dB and a coupling factor of
less than 20 dB.

To obtain a reference short circuit for the return loss measurement, a
polished flat metal plate is belted across the output port of the coupler in
place of the DUT.

DETECTOR A }
H

——

i il

Fig. 2-13 Setup for return loss measurement using a single waveguide coupler

H

i ¥ wavesus
; §svont

H

LOAD

Lot

Step 1 - Preset the instrument to a known state

[PRESET] Sets the instrument to its default state.
[Default Setiings]
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Step 2 - Define the display configuration

Measurement | of channel 1 will be used to display the return loss of the cable.
Since the default state of the instrument is a single scalar channel displaying
measurement 1, we can proceed immediately to Step 3.

Step 3 - Define the source conditions

{SOURCE]

[Set Start Frequency] Sets the start frequency 10 8 GHz.
811G !

[Set Stop Freguency] Sets the stop frequency to 12.4 GHz.
[ 2] LI 4}G )

[ENTRY OFF] Terminates numeric entry.

{RF o} Turns on the RF power.

Step 4 - Define the measurements

Since the detector is connected to input A of the MTS it is not necessary to define
the input used as it defaults to input A,

{MEASURE] Sets the detection mode 10 AC in order o reject
[General Set-up] signals from other sources (such as fransmittess)
fAC Detection] which could interfere with the measurement,

[Return to Measure}

Step 5 - Calibrate the measurement system

[CAL] A message is displayed asking for either a short

[Short OR Open Cal}l circuit or opexn circuit to be connected. In this
case a waveguide short is connected to the output
port of the coupler,

[Continue} Initiates the short circuit calibration.
Upon completion of the calibration the path cal data is automatically applied to the
measurement, as indicated by PC1 in the trace informatios box.

Now connect the waveguide under test to the coupler, and terminate with a
suitable load, as shown in Fig. 2-13.

Step 6 - Choose the format

{(FORMAT] I required vse these keys to change the format of
[VSWR] the return loss measurement to VEWR.
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Step 7 - Select appropriate scaling

To improve the detail of the measurement the scaling can be changed from the
default setting of +20 dB reference level and 10 dB/div scale factor.

[SCALING]

[Set Ref Level]

[0] [x1] Sets the reference level to 0 dB.
[Set Scale]

[5] [x1] Sets the scale factor to 5 dB/div.

1:A PCt dB »0.000 dB 1
[1]-40.31 dB 5.00 de/

WA WM

{CN i
Gl

3

Start 8.00000 GHz [1]9.74900 GHz Stop 124000 GHz

248z

Fig. 2-14 Return loss measurement of a waveguide

The remaining steps would be similar to those of Example 1.
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Example 7: Return loss measurement of a waveguide

using a dual waveguide coupler

This example is similar to the previous one, except that an additional coupler is
used 1o provide a reference channel. A reference channel is vsed to minimise
errors due to the following:

There may be changes in the input power to the DUT caused, for example,
by drift in the RF source or flexing of the RF cable introducing a changed
loss between the source and the BUT.

Errors can be caused by a poor source match, which particularly affects
highly reflecting and low loss device measurements. "This results in
refatively large amounts of signal returning to the RF output of the MTS and
being re-reflected back towards the DUT. This is seen as a ripple
superimposed on the measurement.

The measurement setup is shown in Fig. 2-15. The RF output is fed to a
directional coupler in order to provide a separate reference channel to monitor the
power near the measurement port, i.e. the actual incident power reaching the DUT.
Any varlations in the DUT input level are measured by the reference channel, and
the MTS compensates for the variation by ralioing the reference signat with the
reflected and transmitted signal measurements. Using this technique,
measurement ripples up to 1 dB due to multiple reflections can be reduced to less
than 0.2 dB.

D O & ® &/
# ] @ & J‘ AF oUTIYT
=
F

BETECTOR © DETECTOR A

i

WAVEGUIDE
SHCRT

T

T

Fig. 2-15 Setup for return loss measurement using a dual waveguide coupler
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Step1-

Preset the instrument to a known state
[PRESET] Sets the instrument to its default state.
[Defaulit Settingsf

Step 2 - Define the display configuration

Again, the default configuration will be used, i.e. a single scalar channel dispiaying
measurement 1.

Step 3 - Define the source conditions

[SOURCE]

[Set Start Frequency] Sets the start frequency to 8 GHz.
BHG ]

[Set Stop Frequency] Sets the stop frequency o 12.4 GHz.
M2 MIG ]

[ENTRY OFF] Terminates numeric entry.

{RF o] Tums on the RF power.

Step 4 - Define the measurements

From Fig, 2-15 it can be seen that return loss is measured by the detector
connected to input A, with the reference signal connected to input C,

[MEASURE] Sets the detection mode o AC in order to reject
[General Set-up] signals from other sources (such as transmitters)
JAC Detection] which could interfere with the measurement.

[Return to Measure]

[Input Ratis] Defines measurement I of channel 1 to measure
Al the ratio AfC. This is indicated by 1:A/C
[AIC] appearing in the trace information box.

Step 5 - Calibrate the measurement system

[CAL] A message is displayed asking for either a short

[Short OR. Open Calf circuit or open circuit to be connected. In this
case a waveguide short is connected to the output
port of the coupler.

[Continne] Initiates the short ¢ircuit calibration.
Upon completion of the calibration the path cal data is automatically applied to the
measurement, as indicated by PC1 in the trace information box.

Now connect the waveguide under test to the coupler, and terminate with a
suitable load, as shown in Fig. 2-15

46882-265F
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Step 6 - Choose the format

[FORMAT] If required use these keys to change the format of
[VSWR} the refurn loss measurement to VSWR,

Step 7 - Select appropriate scaling

To improve the detail of the measurement the scaling can be changed from the
default setting of +20 dB reference level and 10 dB/div scale factor.

[SCALING]
[Set Ref Level]
107 [x1) Sets the reference level to 0 dB.
[Set Scale}
{5] {x1] Sets the scale factor to 5 dB/div.
TAC  PC1 dB  »0.00 68 ; 1

[13-3761 48 500 dB/ :

i

Start 8.00000 GHz 11)9.56200 GHz Stop 12,4000 GHz

CRAES

Fig. 2-16 Return loss measurement of a waveguide

By comparing the trace with that of the previous exampie using a singie coupler, it
can be seen that the measurement ripple has been significantly reduced.

The remaining steps would be similar to those of Example 1.
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Example 8: Return loss measurement of a coaxial cable

Step 1

Siep 2

using a test head

This example shows how to make a return loss measurement on a length of coaxial
cable using a 6581/6583 Transmission Line Test Head. In the example, the return
loss will be measured over a frequency range of 1.75 to 1.95 GHz.

Connect the test head to the MTS via the respective inputs A, B and C. Connect
the RF input of the test head to the RF output of the MTS. Refer to Fig. 2-17.

i} RF oUTPHT

b

RF INPUT

AETURN |.OSS ‘l_z

FAULT
LOCATION

2286

Fig. 2-17 Setup for return luss measurement using a test head

- Preset the instrument to a known state

[PRESET] Sets the instrument o its default state,
[Default Settings}

~ Define the display configuration

Measurement 1 of channel T will be used to display the retumn loss of the cable.
Since the defaslt state of the instrument is a single scalar channel displaying
measurement 1, we can proceed immediately to Step 3.

46882-265F
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Step 3 - Define the source conditions

[SOURCE)]

[Set Start Frequency] Sets the start frequency to 1.75 GHu.
LT ITH5HG ]

[Set Stop Frequency] Sets the stop frequency to 1.95 GHz.
L9 (516 )]

{ENTRY OFF} Terminates numeric enfry.

[RF o] Turns on the RF power.

Step 4 - Define the measurements

To measure the return loss the MTS should be configured to measure the ratio
A/C. Input A is the reflected signal, and input C is a reference signal derived from
a power splitter within the fest head..

[MEASURE] Sets the detection mode to AC in order to reject
{General Set-up} signais from other sources (such as transmitters)
[AC Detection] which could interfere with the measurement.

[Return to Measure]

[Input Ratio] Defines the measurement in channel 1 to
A/} measure the ratio A/C. This Is indicated by
{A/CY 1:A/C appearing in the active measurement trace

‘information box.

Step 5 - Calibrate the measurement system

{CAL] Presents a message stating that the path cal store

[Short AND Open Calf about to be used for the calibration is store 1, and
prompts you 1o connect a short circuit
termination to the RETURN LOSS port of the
test head.

[Continue} Initiates the short circnit calibration, When this
is completed, a message will be displayed stating
that on open circuit termination should be
connected to the RETURN LOSS port.

[Continue] Initiates the open circuit calibration.
Upoen completion of the short/open path calibration the path cal data is

autematicatly applied to the measurement. This is indicated by PC1 being
displayed in the trace information hox.

Now connect the cable under test to the test head, and terminate with an antenna
or 4 suitable load.

2-38
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Step 6 - Choose the format

[FORMAT] If required use these keys to change the format of
IVSWR]} the return loss measurement to VSWR.

Step 7 - Select appropriate scaling

{SCALING]

[Set Ref Level]

{6] {x1] Sets the reference levei to 0 dB.
{Set Scale!

{5} {x1} Sets the scale factor to 5 dB/div.

TAC PCl dB w0000 6B
[1]-19.88 dB 5.00 dB/

Start 1.75000 GHz [1]1.79750 GHz Stop 1.95000 GHz

Crane

Fig. 2-18 Return loss measurement of a couxial cable

The remaining steps woutd be similar to those of Example 1.
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Example 9: Fault location measurement of a coaxial

cable using a test head

The objective of this example measurement is to give you an understanding of the
fault focation capabilities of the MTS. Tt is recommended that the principles and
requirements of a fault location measurement should first be understood by
referring to Appendix C the MTS Operating Manuai.

In this example, the transmission line under test consists of two sections of coaxial
cable, with lengths 3 m and 24 m, connected together using an adapter. The
measurement can be performed using either a 6581/6583 Transmission Line Test
Head or 6581E/4583E Fault Locasion Test Head. (The 'E’ versions do not contain
the components necessary to make return loss as well as fauli location
measurements.)

Connect the test head to the MTS and transmission line as shown in Fig. 2-19.

4]

RF I2UT

BETUAN 1058 _E

Y
FAULT | §
LOGATION J

2583
Fig. 2-19 Setup for fault location measurement
Step 1 - Preset the instrument to a known state
[PRESET] Sets the instrument to its defauit state.
[Defaunlt Settings}
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Step 2

Step 3

Step 4 -

- Define the display configuration

{CHANNEI MODE] Sets up the channel to display fault location

{Fault Location] measurements. The Channel Mode menu is the
default following an instcument preset, $o it is
not necessary in this case to press the
[CHANNEL MODE] key.

- Define the source conditions

Due 1o the nature of a fault location measurement, control of the source is not
performed in the same way as for a scalar measurement. The output power level
and sweep time are specified in the normal way via the [SOURCE] key, but the
frequency sweep parareters must be done whilst setting up the measurement
configuration, as described in the next step. It is not necessary to turn on the RF
power since, for a fault location channel, it is turned on during the fault location
calibration,

Define the measurementis

Note that when a channel is set to fault location mode, the instrument wili assume
that a Test Head is connected and set up the input configuration accordingly (e a
measurement of the ratio B/C). Input B is used by the MTS in order to create the
fault location response; input C is a reference signal derived from a power splitter
within the test head.

In a fauit location measurement, the frequency span of the sweep and the distance
range to be displayed are related by

Constant X V, X Number of Points

Frequency Span (GHz) =
Range (metres)}

and 5o two methods of parameter entry are provided.

In the 'range entry’ mode (the default mode}, the range is entered and this
determines the frequency span over which the source is swept. The system adjusts
the centre frequency to the centre of the span previously set. A different band of
frequencies may be chosen by adjusting the centre frequency, but the value of span
{and hence range} will always be preserved. In the "frequency entry' mode, a
frequency span can be entered by adjusting the start/stop values. The range will
then be calculated from the entered spasn.

MEASURE] Selects range entry’ mode, and specifies coaxial
[Configure Faunlt Loc] fransmission line.

[Range Entry}

[Coax Medium]

[Display Units Feet] Sets the display units to feet or metres, as

or required.

[Display Units Metres]

. [Return to Measure] Returns to the top level Measure menu.

45882-265F
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{8et Up Measurement]

[Set Range]
3110} [x1]

{8et Cntr Frequency]
[411G,,1

[Set Number of Points]
141101 (1] [x1]

[Set Parameters]
[Set Relative Velocity]
LI I8I 1 Ix1]

[Set Attenuation]
[OF [.F[2] [6] [x1]

[Return to Set Up Meas]
[Return to Measure]

A form is displayed showing the current values
for the fault location measurernent definition.

Enter a range which is about 10 to 20% greater
than the estimated length of the cable under test.
(The start and stop frequency values are
automatically caleulated.)

Sets a centre frequency suitable for the cable
under test. Higher frequencies may show up
faults better. If an antenna is connected to the
end of the fransmission line, the centre frequency
should be the operating frequency of the antenna.
A value of 4 GHz is used in this example.

This step would normally be left out, since in
most circumsiances the number of measurement
poinis can be left at the default setting of 401. In
exceptional cases fewer points may be selected to
reduce the sweep bandwidth.

In coax mode the value entered for relative
velocity 1s important for accurate distance
calculation. A value for the cable under test is
usually known, and will usually He between 0.6
and 1. For the coaxial cable used in this example
a velocity factor of 0.81 is used.

A value of 0,26 dB/m is entered to compensaie
for the attenuation of the cable. Note that since
attenuation varies with frequency, a figure
apprapriate to the centre frequency of the
measurement should be used.

Returns to the top level Measure menu.

1f a transmission line consists of more than one section and the attenuation figures
are significantly different, enter the value for the Jonger section. If the two sections
have similar length use an average value for the two cables,

The relative velocity and attenuation parameters could also be entered by using the
Transmisston Line Database Memory Card. This allows fault location parameters
to be set up automatically by specifying the transmission line type. Use of the
database is covered in detail in the M'T'S Operating Manual.
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Step 5 - Calibrate the measurement system

[CAL} As for a scalar channel, the measurernent system
[Fault Location Cal] must be calibrated before making any

measurements. The MTS provides on-screen
instructions for doing this. A matched load is
connected to the FAULT LOCATION test port of
the test head, then a detector zero is
automatically performed, followed by calibration
of the measurement system. The calibration data
is stored, path calibration is applied and you are
then returped to the main Cal menu.

Now coanect the cable under test to the FAULT LOCATION port of the test head,
and connect a load (or antenna) to the end of the cable, Alternatively, a detector
can be used ag a termination,

Step 6 - Choose the format

When the [PRESET] key was pressed in Step | the default format for a fault
location channet was set to dB (i.e. retum loss). However, if it is required to
cxpress the measurement as VSWR, change the format as follows.- (If the
performance of the transmission line is good, i is often easier to see faults or
discontimiities with a veriical scale of VSWR.)
{FORMAT) :
[dB] or [VSWR] Use these keys to switch between dB asnd VSWR
format.

Step 7 - Select appropriate scaling

1t may be necessary to change the scaling to suit the measarement. The default
scaling for the two formats is given below:

Format Ref. Level Scale Facter
dB 0 10.0 éB/div
VSWR 1.0 0.1 /div

The default reference position for dB format is the top graticule line; for VSWR
format the reference position is the bottom graticule line.

For the exampie measurement, the scale factor is changed as follows:

[SCALING]
[Set Seale]
(51 [x1] Sets the scale factor to 5 dB/div.
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The resulting display is shown below:

iHC PCY 6B »0000 dB 1
[21-15.32 d8 5.0 B!
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Start 0.080 21, 300 m Stop 30.000 m

|
|
|

[

1T

Fig. 2-20 Fault location measurement

Alternatively, more suitable scaling could be achieved through the use of the
autoscale facility, where the instrument determines the optimum values of scale
and reference level, as for a scalar measurement. The fault location channel uses,
in addition, an algorithm in which automatic baseline clipping is employed to
eliminate noise and emphasise peaks. The reference level is selected such that the
positive peaks of the measurement are not clipped by the top graticule line; the
scale factor is selected such that 10% of the measurement points are visible above
the boltom graticule line, the remaining 90% being clipped.

Step 8 - Use markers and other MTS features to get detailed

information about the measurement

More detailed information about the measurement (including the actual length of
the cable) can be obtained through the use of markers, The facilities provided by
the marker menus are similar to those avaiiable for a scalar channel. For fanlt
lecation measurements, an additional function locates peaks in the trace and places
the active marker at those positions; the response values can be read off from the

© trace information area. To use this feature press the following keys:

{IMARKERS]

[Akr Functions}

[Find Next Peak}

[Find Next Peak Right} Positions the active marker at the next peak in
the trace to the right of its current position,

and

[Find Next Peak Left] Positions the active marker at the next peak in

the trace to the left of its current position.

2.42
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In the example shown in Fig. 2-20, it can be seen that the return loss measured at
the load {indicated by marker 2) 15 15 dB. If the cable were not terminated a large
reflection {0 dB) would be seen at the open end of the cable,

The peak at marker 1 15 due to a discontinuity resuiting from a poor connection
where the two cable sections are joined together. Marker 1 shows the fault to be
iocated at approximately 3 m, which is the length of the first section of cable.
Since this marker is not active, if is represented on the display by a number 'I'
which is not enclosed in a box.

Although only information on the active marker is displayed on the screen, the
position and response values of all displayed markers can be printed/plotted when
a hard copy of the measurement trace is created. i

The limit checking feature of the MTS can be used to check that the performance
of the cable is satisfactory. For example, a flat limit line could be set up to check
that the return Joss af any point along the cable is better than 20 dB.

[MEASURE] Limit Checking Specification 1 (the defanlt) is

fFault Loc Functions} displayed in a window, and a flat line segment is

{Limit Checking] specified.

{Edif Specification]

[Add Segment]

[Flat}

f0] ix1] Sets the start domain value to O m.

-1 21 10] Ix1] Sets the upper limit value fo -20 dB. Since ne

F-T1E2)F07 (0] 1x1) lower Yimit is required, the lower limit value is
forced out of range by setting it to -200 dB.

[35 101 {x1] Sets the stop domain value 0 30 m. The

highlight moves back to the start field since
upper and lower limit response values for the
stop domain value are not required for a flat line

segment.
{Return to Edit Spec] Retumns to the Lim Checking menu.
[Return to Lim Checking]
[Assign Spec I-4] Applies limit checking specification 1 to the
{171 {x1} measurement, and turns on limit checking. The
[Limit Checking »] limit line is displayed on the graticule along with

a window containing the pass/fail indication.
For some measurements masking correction can be used to give more accurate
results for amplitude. A large peak in a fault location measurement {due fo a
discontinuity or mismatch) can cause an error in the apparent magnitude of a fault
beyond it, leading to underestimates in the severity of distant fauits. This effect is
cumulative, but can be compensated {or by applying masking correction. Masking
correction is enabled using:

[MEASURE}

{Fault Loc Functions]

[Masking Correction o] Use this key to toggle masking correction on and
off.

48882-265F
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Fig. 2-21 shows the trace that results when masking correction is applied. For
both this trace and the original one shown in Fig, 2-20, the active marker has been
piaced at the peak at the end of the cable. 1t can be seen that this peak measures
about 2 dB higher when masking comrection is applied.

18C PCt dB  »0,000 0B 1
(2:-13.15 dB 5.00 dB/

T Beas=

=

. |

Wi ol Larl L

! .
il i"’l UW\HJ IERTLY

Start 0.000 m 12127300 m Stop 30.000 m

[N S
w)

= | T

GigeR
Fig. 2-21 Effect of masking correction

Windowing is a function which is applied to the acquired fault location data. Data
windowing reduces the amplitudes of the sidelobes associated with the main peak
of the display, but gives reduced distance resolution. Thus variation of the
windowing level provides a trade-off between distance resojution and the height of
the sidelobes. Three levels of windowing are provided. A low windowing level
gives greater distance resolution but higher sidelobes; a high windowing level gives
reduced sidelobe height but with some loss of distance resclution. A medium
windowing level gives an optimurn trade-off between distance resolution and
sidelobe height for most applications; this is the defauit setting.

IMEASURE]

[Fault Loc Functions|

[Windowing Low] or Use these keys 1o select the windowing level
[Windowing Medium] or

[Windowing High}

Fig. 2-22 shows the effect on the display of two levels of data windowing, In order

that the effect can be seen more clearly, the measurement was performed on a
different section of cable, of length 3.5 m.
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Fig, 2-22 Effect of windowing
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The MTS provides a function that allows you to "zoom in" on a part of the
transmission line that is of particular interest, for example, connectors or the
mterface between two sections of transmission line. Foliowing calibration, the
horizontal axis wili display distance from zero to the range specified in the Set Up
Meas menu. This zoom facility enables you to specify a sub-range of displayed
distance values by entering the required start and stop values, or by specifying
centre and span values,

In this exampie, the interface between two sections of transmission line will be

examined. The sections are approximately 3.5 and 0.5 m in length, and the range
of the measurement was initially setup fobe O fo Sm.

IMEASURE]

fFault Loc Functions]

{Enhanced Mode]

[Enhanced Mode o} Turns on the Enhanced Mode feature. This gives
an optimally interpolated display trace resulting
in improved distance and amplitude accuracy,
particularly when displaying a sub-range, as in
this example.

[Set Display Start] Sets the start distance to 3 m,

[31 {x1] ,

. [Set Display Stop] Sets the stop distance to 4.5 m,

{41{.1{51{x1]

The MTS now displays the response of the fransmission line over the range 3 m to
4.5 m, showing more detail in this region (Fig. 2-23). The peak in the response at
which the active inarker has been placed corresponds to the connection beiween
the two cables. The next peak represenis a fault in the second section and the
following peak is the response at the end of this section.
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Fig. 2-23 Display of sub-range
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The display start and stop values can also be set to the distances corresponding to
the position of the active marker. Position the active marker on the irace, press
either [Set Display Start] or [Set Display Stop], then press the [x1] key on the
aurceric keypad. Repeat for the other parameter.

Improved distance and amplitude accnracy can be achieved, although with an
increase in measurement time, by turning on Enhanced Mode. This can be
toggled on and off using the {Enhanced Mode] soft key.

Step 9 - Create a permanent record of the measurement results
A hard copy of the measurement can be created via the menus accessed with the
[COPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement
traces for future use

Instrument settings or measurement traces can be saved and recalled using the
[SAVE/RECALL]J facilities, as with Example 1.
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Example 10: Fault location measurement of a waveguide

Step 1

Step 2

using a test head

in this examyple the transmission line under test is a waveguide comprising four
sections, of total length approximately 10 m. Itis normally terminated with an
antenna whose operating frequency is 10 GHz.

The procedure is essentially the same as in Exampie 9. The measurement setup is
shown in Fig. 2-24. Tt will be necessary to make connections to the waveguide via
suitable coaxial-to-waveguide adapiers (which should be of low VEWR).

¢
PP O @

o

RF INPUT

RETURNLDSS

TE— H —
sl alln
b ..ELE

Fig. 2-24 Setup for faull location measurement

|-

- Preset the instrument to a known state

[PRESET] Sets the instrument to its default state,
[Default Settings]

- Define the display configuration

[CHANNEL MODLE] Sets up the channel to display fault location
[Fault Location] measurements.

48882-265F
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Step 3 - Define the source conditions

The output power level and sweep time can be changed from the defaudt values, if
necessary, by using the [SOURCE] key,

Siep 4 - Define the measurements

www.valuetron

[MEASURE)] Selects range enfry' mode, and specifies

[Configure Fault Loc] waveguide ransmission line. e
[Range Entry]

[Waveguide Medium]

[Display Units Feet]
or
[Display Units Metres]

{Return to Measure]
[Ser Up Measurement]
[Set Range]

[111{2] [xi]

[Set Cnitr Freguency}
{101 IG,]

[Set Parameters]
{Set Cutoff Frequency]

6] LIS ST Gyl

[Set Attenuation}
POF LI I1] 181 {7] {x1]

Sets the display units to feel or metres, as
required.

Remms to the top level Measure menu.

A form is displayed showing the current values
for the fault location measurement definition.

Sets the range to 12 m.

Sets the centre frequency to 10 GHz.

This specifies the frequency below which
propagation ceases in the waveguide. This
parameter is required in order that the MTS can
generate the non-linear frequency sweep that is
required for waveguide measurements (to
climinate the cffects of dispersion}.

A value of 0.187 dB/m is entered to compensate
for the attenuation of the waveguide.

If a transmission line consists of more than one section and the attenuation figures
are significantly differest, enter the value for the longer section. If the 2 sections
have similar length use an average value for the two cables.

[Return to Set Up Meas|

[Return to Measuref

Returns to the top level Measure menu.

The cutoff frequency and attenuation parameters could aiso be entered by using
the Transmission Line Database Memory Card. This allows fault location
pararneters Lo be set up automaticaily by specifying the transmission line type.
Use of the database is covered in detail in the MTS Operating Manual.
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Step 5 - Calibrate the measurement system

Step 6

[CAL} The MTS provides on-screen instructons for

[Fault Location Calf calibrating the measurement system. After a load
is connected to the FAULT LOCATION test port
of the test head, a detector zero is antomatically
performed, followed by calibration of the
measurement system. The calibration data is
stored and path calibration is applied to the
measurement,

Now connect the waveguide under test to the FAULT LOCATION port of the test

head, and connect the antenna to the end of the waveguide,

- Choose the format

[FORMAT]
fdB} or [VSWR] Use these keys o switch between dB and VSWR
format,

Step 7 - Select appropriate scaling

For the example measurement, the scaling is set as follows:

[SCALING]
[Set Scale]
P77 ix1] Sets the scale factor (o 7 dB/div.

46882-265F

2-51




www.valuetron

CS.C(

EXAMPLE MEASUREMENTS

The resulting display is shown below:

1BIC. PCl ¢B  »0000 4B ! !
[11-30.87 dB 700 dB/ !

,J—-rv—-"‘g:

e

s

Start 0.006 m 110.570 m Stop 12000 m

Fig. 2-25 Waveguide fault location measurement

Step 8 - Use markers and other MTS features to get detailed
information about the measurement

The facilities provided by the MTS to aid examination of the fault location
megasurement have been covered in Example 9.

It can be seen from Fig. 2-25 that there are four main peaks on the trace, on which
markers have been placed. Marker 1 indicates the connection between the test
head and the waveguide. Markers 2 and 3 each indicate a connection between two
sections of waveguide, and marker 4 represents the antenna connection.

Step 9 - Create a permanent record of the measurement resuits
A hard copy of the measurement can be created via the menus accessed with the

[COPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement
traces for future use

Instrument settings or measurement traces can be saved and recalled using the
[SAVE/RECAILL] facilities, as with Example 1.
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Example 11: Dual channel insertion loss and fault
location measurement of a coaxial cable
using a test head

This example illustrates the simultaneous display of fault location and insertion
loss measurements. It is a continuation of Example 9 and it is assumed that steps
1 to 7 have been performed to give a fault location display on channet 1.

Connect a 6230 detector as shown in Fig, 2-26. (For fault focation measurements,
the ‘A’ input lead from the Test Head is not used and does not need to be
connected to the MTS.)

- FO SGALAR
[— 1 ANALYZEA

RF IPUT

RETUARNLOSS

1

5230
DETECTOR

FAULT
LOCATION

CABLE
LnDER TESY

$anoa

Fig. 2-26 Setup for simultaneous measurement of fault location and insertion loss

[CHANNEL MODLE] The display now shows two channels. The fault

[Dual Channel Display] location measurement is shown on channel 1,
and channel 2 is a scalar channel that is used to
measure the insertion loss of the ransmission

line.
[SELECT MEAS] Make measurement 1 of channel 2 the active
measurement.
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[IMEASURE] Defines measurement 1 of chanmnel 2 to measure
[Measurement Definition]  the ratio of inputs A and C, where input C is the
[Input Ratio] reference input.

fAf}

[A/C]

Alternatively, input ID of the MTS can be used to measure the insertion loss, and
the 'A’ lead of the Test Head can remain connected to input A, The measurement
will then be the ratio B/C. It will be necessary to ensure that input I is configured
as a scalar detector input, rather than a power sensor input. An error message will
be displayed if a detector is connected o input D and it has not been configured to
accept it. :

IMEASURE] Configures all four inputs A, B, Cand D to
[General Set-up} accept scalar detectors.
[Inpui Configuration}

[AH Inputs are Scalar]

[SOURCE] Sets the frequency range for the insertion loss
[Set Start Frequency] measurement to 500 MHz - 18 GHz.

[51[0] [0] [Mpu}

[Set Stop Frequency]

(1} [8] Gl

Ensure the cable under test is not connected to the FAULT LOCATION port of the
test head and connect the detector to the FAULT LOCATION port.

{CAL} Performs a through path calibration for the
[Through Cal] insertion loss path, and applies the path cal data
[Continue] to the measurement.

Reconnect the cable to the FAULT LOCATTON port and connect the detector to
the end of the cable. The display now shows the insertion loss measurement on
channel 2; the scaling is set as follows:

{SCALING]

[Set Ref Level}

{1} [x1] Sets the reference level to +1 dB.
{Set Scale] )

[01 .1 15] [x1] Sets the scale factor to 0.5 dB/div.

The resulting two channei display is shown in Fig, 2-27.
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RBIC PGl dB  »0,000 0B 1
123-15.32 dB 5.00 dB/
[a]
|
|
! !
: I
! t\ 1A
h! i Il
L A TR IS APYAL
i AU AN el e UL T Y
Start 0.000 m 2/27.300 m Stop 30000 m
LAIC PC2 d8  p+1000 dB Z
{1l -0.058 dB 0,50 dey
Tt ] =
Start 500,000 MHz (17500560 MHz Stop 180000 GHz

CrO06

Fig. 2-27 Simultaneous fault location and insertion loss measuremenis

Note that simultaneous live measurements of fault location and return loss are not
possible, since one measurement requires that the DUT be connected to the
FAULT LOCATION port of the test head, while the RETURN LOSS port is used
for the other measurement. However, it is possible to freeze the display of one
measurement using the [HOLD] key, and then set up the other as a live
measurement on the other channel.
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Example 12: Return loss measurement of a coaxial cable
using a fault locator

Fhe 6240 Series Fault Locator, when used with the MES, enables both return loss
and fault location measurernents to be made from a single test port. The display
can show the measurements simultaneously on two channels.

This example describes a measurement of the return loss of a coaxial cable using a
6240 Series Fault Locator, Connect the Fault Locator to input A and input B of
the MTS and the RF input of the Fault Locator to the RF output of the MTS

(Fig. 2-28).

i AF OUTPUT

RETURN  FAULT
LOSS  LOCATION

RE INPUT -

TESTPORY

st
U o

Cates

Fig. 2-28 Setup for return loss measurement using a Fault Locator

Step 1 - Preset the instrument to a known state

[PRESET] Sets the mstrument to its default state.
[Default Settings]
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Step 2 - Define the display configuration

Measurement 1 of channel 1 will be used to display the return loss of the cable.
Since the default state of the instrument is a single scalar channel displaying
measurement 1, we can proceed immediately to Step 3.

Step 3 - Define the source conditions

[SOURCE]}

[Set Start Frequency] Sets the start frequency to 178 GHz.
[ L7TISTLG

[Set Stop Frequency] Sets the stop frequency to 1.95 GHz.
[ LEOTIS] G 4

[ENTRY OFF] Ferminates numeric entry.

[RF a} Turns on the RTF power.

Step 4 - Define the measurements

Step 5

[MEASURE] This is dependent on which input the return loss
[Single Inpat A,B,C or B]  cable from the fault locator is connected to. In
[A] this example input A has been selected.

[Return to Measure}

[General Set-up] Sets the detection mode to AC,
[AC Detection}

- Calibrate the measurement system

[CAL] Presents a message stating that the path cal store

[Short AND Open Cal] about £0 be used for the calibration is store 1, and
prompts for connection of a short circuit
{termination) to the Fault Localor test port.

[Continue] Enitiates the short circuit calibration. When
completed a message will be displayed stating
that an open circuit termination should be
connected o the test port,

[Continue] Initiates the open cizeuit calibration. Upon
completion, the path cal data is automatically
applied to the measurement.

Now connect the cable under test to the Fault Locator.

Step 6 - Choose the format
[FORMAT] If required use these keys to change the format of
[VSWR] the return loss measurement 1o VSWR.
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Step 7 - Select appropriate scaling

ISCALING]
[Set Ref Levell

[07 [x1] Sets the reference level to 0 dB.
[Set Scale]

[5] [x1} Sets the scale factor to 5 dB/div.

1A PCt dB  »0.000 4B
(1]-26.37 48 5.00 dBf

LW \\/" iiiny;

ML | I V\ vV \ v
Start 1.75000 GHz [111.75200 Griz Siop 105000 Gz
52485

Fig, 2-29 Return loss measurement of coaxial cable

The remaining steps would be similar to those of Example 1.
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Example 13: Fault location measurement of a coaxial
cable using a fault locator

In this example, a fault location measurement will be made on a transmission line
consisting of two sections of coaxial cable. with lengths 3 m and 24 m, connected
together using an adapter. The measurement will be performed using a 6240
Series Fault Locator, and the measurement setup is shown below:

Il B¢ outpur

i
RETURAN FAULT
LOSS  LOGATION

RF INPUT

TEST PORT

[ 4 4 cR185

Fig. 2-30 Setup for foult location measurement using a Fault Locator

Step 1 - Preset the instrument to a known state

{PRESET] Sets the instrument to its default state.
[Default Settings]

Step 2 - Define the display configuration

{CHANNEL MODE] Sets up the chaane! to display fault location

[Fault Location] measurements, The Channel Mode menu 15 the
default following an instrument preset, so it is
not necessary in this case to press the
[CHANNEL MODE) key.

| 46882.265F 259
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Step 3 - Define the measurements

When 2 Fault Locator is used, the MTS autematicaliy recognises which input the
fault location lead is connected io and selects this input automatically (input B in

this example).

[MEASURE]
[Configure Fauit Locf
[Range Entry]

[Coax Medium/

[Display Units Feet]
or

[Display Units Metres]
[Return to Measure]

[Set Up Measurement]

[Set Range]
31107 [x1]

[Set Cntr Frequency]
181G ]

[Set Number of Points]
4] [0} [1] {x1}

[Set Parameters]
{Set Relative Velocity]
10111181 [11[x1]

[Set Attenuation]
fe11.112115] [x1]

[Return to Set Up Meas]
[Return to Measure}

The relative velocity and attenmation parameters could alse be entered by using the
Transmission Line Database Memory Card. This allows fault location parameters

Selects range entry’ mode, and specifies coaxial
transmission line.

Sets the display units to feet or metres, as
required.

Returns o the 1op level Measure menu.

A form is displayed showing the current values
for the fault location measurement definition.

Enter a range that is about 10 t0 20 % greater
than the estimated length of the waveguide under
test. {The start and stop frequency valoes are
automatically caiculated.)

Sets a centre frequency suitable for the cable
under test. Higher frequencies may show up
faults better provided the frequency chosen is
witiiin the operating band of the cable.

This step would normally be left out, since in
most circumstances the number of measurement
points can be left at the default setting of 401, In
exceptional cases fewer points may be selected to

reduce the minimum range.

In coaxial mode the value entered for relative
veloeity 1s important for accurate distance
calculation.

A vaiue of 0.25 dB/m is entered to compensate
for the attenuation of the cable. Note that since
attenuation varies with frequency, a figure
appropriate to the centre frequency of the
measurement should be used.

Rewrns to the top level Measure menu.

to be set up automaiically by specifying the transmission line type. Use of the
database is covered in detail in the MTS Operating Manual.
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Siep 4 - Calibrate the measurement system

[CAL] The measurement system must be calibrated

{Fault Location Cal] before making any measurerments. Connect a
matched load to the TEST PORT of the Fault
Locator.

[Continue} Initiates the calibration; when completed, the

calibration dats is stored and applied o the
measurement.

Now connect the cable under test o the test port of the Fault Locator, and connect
a load or antenna to the end of the cable under test.

Step 5 - Choose the format
[FORMAT] Use these keys to change between dB and VSWR
{dB] or [VSWR] format,

Siep 6 - Select appropriate scaling

{SCALING]
{Set Scale}
I5]ix1] Sets the scale factor 1o 5 dB/div.
B BCY ¢B  »0000 4B : 1

[2i17.15 dB 500 dB/

fioo
s
=

=
.
 —
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]

I

.
320 m Stop 30.000 m
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o

Start 0.000 m 12]

e
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b e
M
=
]
=]
=

T24BD
Fig. 2-31 Fault location measurement of @ coaxial cable

The remaining steps would be similar 1o those of Example 9.
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Example 14: Fault location measurement of a waveguide
using a fault locator

This example is similar to the previous one, except that the transmission line under
test is a 10 m section of waveguide, which operates at a centre frequency of

14 GHz. It will be necessary to make connections to the wavegnide via suitable
coaxial-to-waveguide adapters (which should be of low VSWR).

i

|

/;

A

L

[u
i ik |1

S} RF OUTPUY

e
| &
e
©

RETURN  FAULY
LOSS  LOCATION

RF INPUT

TEST POAT

DuUT

1L0AD C2485

Fig. 2-32 Setup for fault location measurement using a Fault Locator

Step 1 - Preset the instrument to a known state

[PRESET] Sets the instrument to its default staie,
(Default Settings]
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[CHANNEL MODE]
[Fault Location]

[MEASURE]
[Configure Fault Loc]
[Range Entryf
[Waveguide Medium]

[Display Units Feet]
or
[Display Units Metres]

[Return to Measurej
[Set Up Measurement]

[Set Range]
f13[2] [x13

[Set Cntr Frequency]
(111G ]

[Set Paramefers]
[Set Cutoff Frequency]
[6] LESHSIITHG ]

I8et Attenuation]
[0} LT [BT [7] [x1]

[Return to Set Up Meas]
[Return to Measure]

[CAL]
[Fault Location Calf

Step 2 - Define the display configuration

Sets up the channel to display faulf location
measurements. The Channel Mode menu is the
default following an instrument preset, so it is
not necessary in this case to press the
{CHANNEL MODE] key.

Step 4 - Define the measuremenis

Selects range entry' mode, and specifies
waveguide transmission line.

Sets the display units to feet or metres, as
required.

Returns o the top level Measure menu.

A form is displayed showing the current values
for the fault location measurement definition.

Enter a range that is about 10 to 20 % greater
than the estimated Jength of the waveguide under
test. (The start and stop frequency values are
automatically calculated.)

Sets a centre frequency suitable for the
waveguide under test. In this example the centre
frequency is set to 10 GHz.

This specifies the frequency below which
propagation ceases in the waveguide, This
parameter is requited in erder that the MTS can
generate the non-finear frequency sweep that is
required for waveguide measurements (to
eliminate the etfects of dispersion).

A value of 0.187 dB/m is entered to compensate
for the attenuation of the waveguide.

Returns o the top level Measure menu.

Step 5 - Calibrate the measurement system

The measurement system must be calibrated
hefore making any measurements. Coannecta
maiched load to the TEST PORT of the Fault
Locator.
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Now connect the waveguide under test to the test port of the Fault Locator, and
connect a load to the end of the waveguide.

Step 6 - Choose the format

[FORMAT] Use these keys to change between dB and VSWR
[dB] or [VSWR] format.

Step 7 - Select appropriate scaling

[SCALING]
[iSet Scale]
{7] [x1] Sets the scale factor to 7 dB/div.
t8__ PCT gB  »0.000 48 1

Td-aEdB 740 dBf

:
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Start 0.000 m

LT =F
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Fig. 2-33 Fault location measuremenst of a waveguide
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Example 15: Fault location measurement of a coaxial

cable using an RF divider

This example shows how to make a fault location measurement using a single
input rather than a ratio measurement of two inputs. In order to do this, an RF
divider ang detector is used instead of a Test Head. The divider/detector would
normally be used with a4 6202B RF Test Set, enabling users working in the RF
hand to make fault location measurements at refatively low cost. However, single
input fault location measurements can also be made with the other instruments of
the 62008 scries,

The fotlowing procedure describes & fauli location measurement on a 30 m length
of coaxial cable (Andrew LDE2-50}.

Connect the RE output of the instrument to port 1 of the divider, and connect the
detector from input A of the instrument to port 2 of the divider {Fig. 2-34).

aF
6230 DIVIDER
DETECTOR

| PORT PORT
2 3

.

came

UNDER
TEST

L e

TR

Fig. 2-34 Serup for single input fault location measurement

Step 1 - Preset the instrument to a known state
[PRESET] Sets the instrument to its defaulf state.
[Default Settings]
Step 2 - Define the dispiay configuration
[CHANNEL MODE)] Sets up the channel to display fault location
fFault Location] measurements.
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Step 3 - Define the measurements

[MEASURE] Selects 'range entry' mode, and specifies coaxial
{Configure Fault Loc} transmission line.

[Range Entry}

[Coax Medium|

[Display Units Metres] Sets the display units to metres.

[Measurement Definition] The instrument assumes that a test head will be

[Single Inpue A, B, Cor ] used for the fault location measurement, and so

[A] defaults to a ratio measurement of B/C. Since a
divider is used a single input measurement needs
to be defined.

[Return to Meas Def] Returns to the top level Measure menu.
[Return to Config F Loc]
[Return to Measure]

[Set Up Measurementf A form is displayed showing the current values
for the fault location measurement definition.

[Set Range] Enter a range which is about 10 to 20% greater

13113] [x1} than the estimated Iength of the cable under test.

It should be noted that the range entered determines the bandwidth used, and vice
versa. The shotter the range the greater the bandwidth. The 6202B RF Test Set is
most likely to be used with this measurement setup. This has an upper frequency
of 2 GHz, so the minimum range possible is approximately 15 m using the default
figure of 401 points. If a smaller distance range is required, this can be achieved
by reducing the sumber of measurement poinis, using {MEASURE] [Ser Up
Measurement] [Set Number of Points].

[Set Cntr Frequency] Sets the centre frequency to the system's nominal

(91 14} 0] IMy] operating frequency.

[Set Parameters| A velocity factor of 0.88 is assumed in this

{Set Relative Velocity] example,

[0711.1 (8] [8] [x1]

[Set Attenuation] A value of (.11 dB/m is entered to compensate

{61 LTEXT (3] [x1] for the attenuation of the cable at the operating
frequency.

Step 4 - Calibrate the measurement system

[CAL] A matched load is connected o port 3 of the
[Fault Location Cal] divider and calibration of the measurement
system is performed.

Now connect the cable under test to port 3 of the divider, and connect either the
antenna or a suitabie load to the end of the cable.

The remaining steps would be similar to those of Example 10.
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Example 16: Single-ended insertion loss measurement

of a transmission line using a Fault Locator

A conventional insertion Joss measurement on a transmission line requires
simultaneous access to both ends of the line. This is not practical when the line is
long, so the 6200B provides a method whereby insertion loss is denived froma
measurement of return loss.

In 2 single-ended insertion loss measurement, either a short circuit termination or
an open circuit termination is connected to the end of the line, so that theoretically
100% of the input power is reflected back to the source. A 6240 series Fault
L.ocator is used as the bridge at the input end of the line to measure the reflected
signal. As an alternative to the Fault Locator a dedicated bridge or coupler with a
scalar detector can be used. Since this signal is attenuated twice (once in each
direction), the measurement of the total attenuation in dB is halved by the MTS to
produce a value for the insertion loss.

This method is not suitable for high loss cables, because the signal is attenuated in
both directions by the cable.

The following procedurs describes a single-ended insertion loss measurement on a
30 m tength of coaxiat cable. The procedure is similar to that described in
Exampie 4, except for the calibration step. The measurerent setup is shown in
Fig. 2-35.

SHORT
; CIACIHT

RF NR2UT

U paur -
Nt | L COATION TEIT
i PORT

RETURN
1088

pao-ioa ]

Fig. 2-35 Setup for single-ended insertion loss measuremenst

Step 1 - Preset the instrument to a known state

[PRESET] ' Sets the instrument to its default staie.
{Default Settings]
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Step 2 - Define the display configuration

Measurement 1 of channel 1 will be used to display the insertion loss of the cable.
Since the default state of the instrument is a single scalar channet displaying
measurement 1, we: can proceed immediately to Step 3.

Step 3 - Define the source conditions

[SOURCE] Sets the start frequency to 10 MHz.
[Set Start Frequency]

{17 [01My ]

{Set Stop Frequency] Sets the stop frequency to 2 GHz.
21 [Gnl :
[ENTRY OFF] Terminates numeric entry.

IRF o] Turns on the RF power.

Step 4 - Define the measurements

Since the return loss is measured by a scalar detector connected to input A, ne
change needs 1o be made to the measurement definition since all measurements
default to input A following PRESET.

[MEASURE] Sets the detection mode to AC in order to reject
{General Set-up] signals from other sources (such as transmitters)
[AC Detection] which could interfere with the measurement

[Return to Measuref

Step 5 - Calibrate the measurement system

{CAL] Presents a message stafing that the path cal store
[Single Ended Ins Loss] about to be used for the calibration is store 1, and
[Short OR Open Cal] prompts for connection of a short circuit

termination to the test port.

[Continue} Initiates the short circuit calibration. Upon
completion, a message wilk be displayed stating
that the transmission line vnder test should be
connected to the test port, and the line terminated
with a short circuit.

" 2. + -
{Continue] The trace now shows the insertion loss of the
transirrission line under test.
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Step 6 -

Choose the format

The default format of dB is appropriate to this measurement.

Step 7 - Select appropriate scaling

[SCALING]

[Set Ref Level}

[0} [x1] Sets the reference level to 0 dB.
[Set Scale]

[1} [x1Y Sets the scale factor to T dB/div.,

Step 8 - Use markers and other MTS features to get detailed

information about the measurement

It is Jikely that there will be a ripple superimposed on the measurement due to
mismatch between the test port and the cable under test. This displayed effect of
the ripple can be minimised using the smoothing feature of the MTS.

[IMEASURE)]
[Smoathing]
[Set Aperture]
[2][x1]
[Smoothing o]

A PC dB@ w000 0B s 1

(1]-0.69 B 1.00 dBY
<
]
N\‘w.\_
e,
M\MW
|
xw
T
Sfart 10,0000 MHz [{1110.606 MHz Stop 200000 Gz

[

Fig. 2.36 Single-ended insertion loss measurement
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Example 17: Power meter and counter measurements

This example illustrates the use of the power meter and frequency counter features
of the MTS,

|

ca2290

69XX FREQUENCY
FOWER SENSOR COUNTER

Fig. 2-37 Power meter and counter measurements

POWER METER MEASUREMENTS

The power meter function can be used to measure the absolute power of a signal
using the appropriate power sensor. The senser must be connected to input D of
the MTS using the supplied cable. Any of the MI 6900 series power sensors can
be used, covering a power range of -70 dBm to +35 dBm and a frequency range of
30 kHz 10 40 GHz.

A 50 MHz internal calibrator port is provided on the front panel o ensure precise
power measurements; full calibration factor and linearity correction is incorporated
to further ensure high accuracy. An analoguc peaking meter is provided in
addition to the four digit display to assist when tuning and peaking. The
maximum/minitum hold function can be used in applications such as long-term
drift monitoring. Upper and lower limits may be entered for automatic pass/fail
indication.

Connect the power sensor to input 1 of the MTS.

Step 1 - Preset the instrument to a known state

[PRESET] Sets the instrument (o its defanlt state,
[Default Settings]
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Step 2 - Define the display configuration

JCHANNEL MODE]
[Readowt]

Sets up channel 1 to display readout
measurements. The Channel Mode menu is the
default following an instrument preset, so itis
not necessary in this case to press the
[CHANNEL MODE] key.

Step 3 - Define the measurements

[MEASURE]
[Power Meter]

By default, the quantity that will be measured
and displayed is the power level detected by a
power sensor connected to input D, So in this
case it is not necessary to press these keys. The
following soft key. labetled { Counter], is pressed
when it is required to display the frequency of the
signal present at the COUNTER input. Ensure
that you leave the display showing a power
measurement,

Step 4 - Calibrate the measurement system

_ To measure power levels accurately, it is necessary to perform a power sensor
- calibration for the readout channel, This procedure utilises the 50 MHz, 1 mW
: power reference available from the front panel. The sensor is calibrated by
commecting it to the POWER REF output. The supplied 30 dB attenuator must be
used if measuring with a low power sensor (692X); the supplied adapter must be
used if measuring with a 75 Q sensor (6919). The system measures the difference
between the sensor and reference outputs and uses this to correct subsequent

measurements.

[CAL]
[Sensor Calf

[Set Cal Factor]
91191 x1]

{Set Lin Factor]
{7111 [51 [x1]

[Continue]

A window is displayed stating the current cal and
linearity values and instructs you fo connect the
power sensor to the power reference,

Enter the value of reference ealibration factor
given on the sensor label (¢.g. 999%). Some
sensors {(e.g. 69103 do not have this information
on the label; in these cases the defauit value of
100% is asswmed.

Enter the value of linearity factor given on the
sensor label (e.g. 7.5},

The MTES turns off the power reference and
initiates zeroing of the sensor. When this is
completed, the power reference is turned on and
sensor calibration is performed, During both the
zeroing and calibration phases a horizontal bar is
displayed indicating their progress.

46882-265F
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[Power Ref o] The quality of the power sensor calibration can
be checked by turning on the power reference
and ensuring that the value reads 0 dBm. When
the power reference is turned on PWRREF is
displayed in the General Information Area at the
top of the display. Press the soft key again to
turn the power reference off.

The calibration factor must now be set to the correct value for the signal we wish
to measure. For example, if we want to measure the power of a 14 GHz signal,
read the calibration factor for 14 GHz [rom the sensor label (e.g. 96%).

IMEASURE] Sets the cal factor for the measurement to 96%.
[General Set-upf

[Sensor Correctionf

[Cal Factor & Lin Factor]

[Set Cal Factor]

[9116] [x1]

Aldternatively, the cal factor information on the label could be entered into the MTS
as a table of cal factor versus freguency. This would then allow Cal Factor User
Freq to be specified, which means that only the measurement frequency need be
entered and the MTS would automaticatly apply the appropriate calibration data.

Now connect the power sensor to the signal to be measured. Be careful not to
overioad the sensor, especially if it is a 6920 series high sensitivity type.

Step 5 - Choose the format

[FORMAT] Use these keys to select Watts or dBm format.
[dB / dBm]

or

[Watts]

Step 6 - Use markers and other MTS features {o get detailed

information about the measurement

Marker functions do not apply to power meter readout measurements, but the
following useful features may be used.

An aralogue peaking indicator is provided, below the power readout, whose length
varies according fo the power readout.

{MEASURE] This key canses the peaking indicator to be reset

[Reset Peak Indicator] such that the current power measurement will
give half ful} scale reading.

The extremities of the line represent 36 dB from the centre value, which is the

power reading that was measured when the [Reset Peak Indicator ] key was last

pressed.

This analogue representation is not for measurement, but enables changes in the

measurement to be seen more easily than with the digital display. It is normally
used for tuning and peaking power levels.
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[Measurement Funciions]
[Max Min Hold}
[Hold »]

[Clear]

This will display and hold the highest and lowest
power tevels measured,

Causes both the minimum and maximuem values
o be set to the current measurement.

Limit checking can be used to determine if the device under test meets its
specification. Upper and lower limits can be defined and a pass/fail indication is
then displayed above the readout value. As an example, asswme that the power
fevels are required to be in the range -5 dBm to +35 dBm. To test for this you can
use limit checking in the following way:

[MEASURE]
[Measurement Functions]
[Limit Checking]

[Set Max Limit]

£511x1]

[Set Min Limit]
-1E55x1]

[Limit Checking o]

IMEASURIE]
1dB Rel}
[Store Measurement]

[IMEASURE]
[Averaging]

flaput D}

[User Set Averaging
[Set Average Number]
(o) =1

Sets the upper and Jower limit values o +5 dBm
and -5 dBm and turng on limi¢ checking, The
limit values are displayed to the left of the
readout.

This causes the current power level in dBm to be
stored, and subsequent power measurements are
made relative to this value, The relative
measurement mode is indicated by an R flag
above the displayed readout value.

Turns on averaging to reduce the effects of noise
on the power measurement, This iy indicated by
the A flag above the readout value, In this
example, the average number is set to 100, The
minimum amount of averaging should be
selected to reduce noise o an acceptable level, in
order to maintain a sufficiently fast response.
Alternatively, the fAuromatic Averaging] key
can be pressed, in which case the average
number will be chosen avtomatically depending
on the power range being measured and the
poOwer sensor (ype.

This menu also epables the display resolution for the readout to be selected.
Resolutions of 0.01, 0.1 and 1 dB are available by pressing the appropriate soft
key. When automatic averaging is enabled the display will be at the maximum
resolution of 0.001 dB. Note that a higher resolution results in a longer averaging
time, giving a slower response.

The power meter measures the average power of a signal. To measure the peak
power of a pulsed signal, correction must be applied to compensate for the duty
cycle of the waveform. Duty cycle Is defined as the percentage ratio of RIF on time
to RF off. Duty cycle correction may be applied as follows:
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[MEASURE] This would set a duty cycle value of $0% and
[Measurement Functions]  turn on duty cycle correction.

{Duty Cyele correction]

[Set Duty Cycle Value]

{510} [x1]

[Dury Cycle )

Step 7 - Create a permanent record of the measurement results

Although not so meaningful it is still possible to obtain hard copy output of the
power level readout, in either graphical plot or print format.

Step 8 - Save the instrument settings for future use

Instrument settings can be saved and recalled using the [SAVE/RECALL]
facilities, as with Example 1.

FREQUENCY COUNTER MEASUREMENTS

The frequency counter function can be used to measure the absolute frequency of a
signal from 10 MHz o 20 GHz (26.5 GHz for 6203B/6204B).

The counter has two principal functions within the MTS. When it is used in
Readout’ mode, a digital readout of frequency is given, with a resolution that is
selectable from 1 Hz to 100 MHz, When the instrument is in swept mode, and the
source is set to provide a voltage or current sweep, the frequency of a signal can be
measured and displayed on the vertical axis. A typical example is VCO
characlerisation, whereby frequency against voltage is antomatically plotted.

As for power measurements, maximum/minimurn hoid is provided for long-term
drift monitoring, as well as automatic pass/fail indication against limits.

Connect the signal to be measured to the COUNTER input of the MTS. The
optimum signal level is abowt 0 dBm, and should not be greater than +35 dBm.

Step 1 - Preset the instrument to a known state

[PRESET] Sets the instrument to its default state,
[Default Settings}

Step 2 - Define the display configuration

[CHANNEIL MODE] Sets up channel 1 to display readout

{Readour] measurerpents. The Channel Mode menu is the
default following an instrument preset, so it is
not necessary in this case to press the
[CHANNEL MODE] key.

Step 3 - Define the measurements

[MEASURE] The quantity that will be displayed is the
[Counterf frequency of the signal present at the COUNTER
input.
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Step 4 -

Step 5+

Siep 6

Calibrate the measurement system
The frequency counter is focked to an accurate and s{able internal crystal

frequency standerd and therefore does not reguire any calibration.

Use markers and other MTS features to get detailed
information about the measurement

Marker functions do not apply to frequency readout measurements, but the
following useful features may be used.

[MEASURE} The display will now show the highest and
[Measurement Functions]  lowest frequencies measured, and is useful for
[Max Min Hold] assessing frequency drift,

[Hold o]

[Clear] Causes both the minimum and maximam values

to be set to the current measurerment.

Limit checking can be used to determine if the device under test meets its
specification. Upper and lower limits can be defined and a pass/fail indication is
then displayed above the readout value. As an example, assume that the frequency
is required to be within the range 1.4 GHz to 2 GHz. To test for this you can use
timit checking i the following way:

[MEASURE] Sets the upper and Iower limit values 10 2 GHz
[Measurement Functions] and 1.4 GHz and turns on limit checking. The
[Limit Checking] limit values are displayed to the left of the

{Set Max Limit] readout.

2HG,]

[Set Min Limit]

(LG, ]

fLimit Checking ef

IMEASURE] A sub-menu is presented which is used to select
[Measurement Functions]  the resolution to which the counter readout is
[Counter Resolution] displayed. The resolution can be set between
{10 kHz} 1 Hz and 100 MHz in decade steps; the default

setting is 100 kHz. In this exampie, the
resolution has beexn set to 10 kHz,

[MEASURE] This causes the current frequency reading to be
[Frequency Rel] stored, and subsequent frequency measurements
[Store Measurement] are made relative to this value. The relative

measurement mode is indicated by an R flag
above the displayed readout value.

- Create a permanent record of the measurement resulits

Although not so meaningful it is stil} possible o obtain hard copy output of the
frequency readout, in either graphical plot or print format.
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Step 7 - Save the instrument settings for future use

Instrument settings can be saved and recalled using the {SAVE/RECALL]
facilities, a5 with Exampie 1.

SIMULTANEOUS POWER METER AND FREQUENCY COUNTER MEASUREMENTS

Pressing the following keys will resuit in measurement 1 of channel 1 displaying a
power meter readout, while measurement 2 displays frequency:

|PRESET]

[Default Settings}
IMEAS 2 ON/OFF]
IMEASURE]
[Counter]

The power meter and frequency counter measurements are set up as before, after
first selecting the active measurement. “This is done by using [SELECT MEAS] to
position the red highlight box around the required measurement. Both readouts
will display their current measured values, regardless of which measurement is the
active one. The highlight box only shows which measurement the soft keys relate
0.
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Example 18: Amplifier gain compression measurement

Step 1

Step 2

1t is often necessary to characterise the power handfing capacity of an amplifier. A
key aspect of this is the output power at which the gain of the amplifier drops to

1 dB below its small signal value; this is known as the I dB compression peint. In
other words, it is the output power at which the gain characteristic of the amplifier
starts 1o becoms non-linear. The test system shown in Fig, 2-38 is designed to
measure the I dB compression point of an amplifier.

DETECTOR
B

serecron  MMEATER

nE 1]

COUPLER ca0t0
Fig. 2-38 Setup for gain compression measurement

Detector B is configured to monitor the incident power to the amplifier, while
detector A racasures the output power. A coupler with a 10 to 20 dB coupling
factor is used to sense the incident power, so that most of the available power from
the source can be used to drive the amplifier into compression.

~ Preset the instrument to a known state

[PRESET] Sets the instrument to its default state.
[Default Settings]

- Define the display configuration

On channel 1 will be displayed the gain of the amplifier; channel 2 will be used to
display the output power.

{CHANNEL MODE] The display now shows two scalar channels.
[Dual Channel Display]

46882-265F

2-77




EXAMPLE MEASUREMENTS - .

Step 3 - Define the source conditions

Following an instrument preset the source mode defaults to Start & Stop Freq
Sweep, but for this measurement setup the source mode required is Power Sweep.
Channel Coupling has beon left on so the source conditions will be duplicated on
the other channel.

[SOURCE] This selects the power sweep mode of the source.
[Select Source Mode] The graticule start and stop annotation will
{Power Sweep] change from frequency to power in dBmy; both

will be at 0 dBm at this stage. This example
assumes a start power of -10 dBm and a stop
power of 10 dBm.

[Return to Source] Returns (o the Source menu.

[Set Start Power] Sets a power sweep of -10 dBm to +10 dBm.
-1 1110] [x1]
[Set Stop Power]

[1} [0} Ix1]

[Set Frequency] In this example, it is assumed that the source
{4} iGni frequency is set to 4 GHz.

JENTRY OFF| Turns on the RF power.

IRF a}

Step 4 - Define the measurements

The default measurement definition for both measurements is input A, Since this
is the power output of the amplifier no change needs to be made to measurement
in channel 2. The amplifier gain is the ratio of input A to input B, so the
measurement definition for channel 1 needs to be changed,

After ensuring that the measwrement in channel 1 is the active one (using
[SELECT MEAS] or [SWITCH CHANNEL] if necessary). define the ampiifier
gain measurement as foliows:

IMEASURE] Pefines the measurement in channel 1 to e,
[Input Ratio] measure the ratio A / B. This is indicated by e
[A/] 1:A/B appearing in the active measurement trace

[A B} information hox.

Step 5 - Caiibrate the measurement system

Itis now necessary {o calibrate the system by measuring the gain response with
the two amplifier test ports connected together (detector A connecied to the
coupler cutput). The system is calibrated from the knowledge that this direct
connection is equivalent to a 0 dB gain amplifier. Ensure that channel 1 is active.

ICAL] Performs path cafibration for the gain
[Through Calf measurement. When completed, the path ¢al
[Continue] data is automatically applied to the measurement,

as indicated by the presence of PC1 in the trace
information box for the measurement in
channei 1.
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Step 6 -

Step 7 -

Step 8

Now connect detector A (o the amplifier output and the output of the directional
coupler to the amplifier input {Fig. 2-38). Apply power to the amplifier.
Choose the format

The default formats for the measurements are satisfactory, i.e. dB for channel 1
and dBm for channel 2

Select appropriate scaling
[SCALING] Suitable scaling for both measurements is
[Autoscale] achieved using the autoscale faciiity.
[SWITCH CHANNEL]
[SCALING]
[Auntoscale]

TAG PCI B »+10.00 dB 1

[21+8.339 B 0.50 dB/ A
Fr .
)
-
2]
Start -10.00 dBm 2]+4.150 dBm Stop +10.00 dBm
1A dBm »+16.00 dB 2
[2i+11.88 dBm  2.00 dB/
]
| "
— 7
]
v
Start -16.00 dBm 3]+4.450 dBm Stop +10.00 dBm_

caz

Fig. 2-39 Gain compression measurement

- Use markers and other MTS features to get detailed

information about the measurement

The gain is calculated in the instrument by ratioing the measurement with the
calibration readings. When the gain drops by I dB, the output power
measurement directly gives the 1 dB compression value, Use the marker functions
to read off the 1 dB compression point accurately:
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[IMARKERS]
[Mkr Functions]
[Marker to Max/Minf

[Active Mkr to Maximum]

[Return to Mkr Funcs}
{Return fo Markers]

{Delta MEr o}

[Set Up Mkrs]

[Assign Active Mkr 1-8]
[2}

[Return fo Markers]
[Mkr Functions]
[Search]

[Set Search Value]
I-111]{x1]

[Search Right]

[Return to Mkr Funcs]
[Return to Markers]

[Delta Mkr O

Places the active marker (marker 1 by defaulf) at
the maximum point on the gain response.,

Turns on the delta marker; this is indicated by A
on the display. Tts position wili initially be the
same as that of the active marker. In the delta
marker mode, the measured response is relative
to the response at the deita marker position.

Besignates marker 2 as the active marker. The

position of the active marker remains unchanged.

The instrument searches right from the current
active marker position (L.e. the maximum point
on the trace) in order to find the point where the
response i5 1 dB below the delta marker
response,

Returns to the top level Markers menu,

Turns off the delta marker. The active marker

now gives the actual response instead of relative
to the delta marker,

Marker 1 gives the small signal pain measurement (i.e. maximuam gain)., Marker 2
{the active marker) measures the 1 dB compressed gain, and is positioned at the
source input power which causes that compression. The corresponding output
power can be determined {rom the response of marker 2 on channel 2 (by default,
marker coupling between channels is enabled).

Step 9 - Create a permanent record of the measurement results

A hard copy of the measurement can be created via the menus accessed with the
FCOPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement
traces for future use
Insrument settings or measurement traces can be saved and recalled using the
[SAVE/RECALLYJ facilities, as with Example 1.

A power sensor could be used for more accurate measurement of power at the
compression point. However, the accuracy obtained vsing the 6230A/L series
EEPROM corrected detectors would be ¢lose to that achievable with a power
sensor measurement and should be sufficient for most applications.
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Example 19: VCO characterisation

In this example, both measurements of both channels wiil be used to characterise &
voltage conirolled oscillator {VCO). The aim is 10 determine the maximum and
minimum frequencies of operation and to measure the maximum and minimurm
power fevels of the device.

In addition to the synthesized frequency source, the MTS also provides a
voltage/current stimulus which can be used to characterise such devices. The
measurement setup is shown in Fig. 2-40. The VCO should noi be connected to
the VOLTAGE/CURRENT output at this stage, since the default voltage produced
at this output port may be sufficient o damage the VCO under test,

1 VOLTAGES
CURRENT
OUTPUT

6230
DETECTOA COUPLER

e

L2009

Fig. 2-40 Setup for VCO measurement

Step 1 - Preset the instrument to a known state

[PRESET] Sets the instrument to its default state.
[Default Settings]
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Step 2 - Define the display configuration

We need to display four measurements:
Channel 1, measurement | - VCO power output as a function of applied voltage.
Channe! 1, measurersent 2 - VCO irequency as a function of applied vottage.

Chanael 2, measurement 1 - counter readout giving the frequency of the VCO as
measured via the coupled arm of the coupler.

Channel 2. measurement 2 - power meter readout representing the output power of
the VCO.

[CHANNEL MODE] Sets the display to dual channel mode.
fDual Channel Display]
fMEAS 2 ON/OFF] Bisplays two measurements on channel 1.

[SWITCH CHANNEL] Makes channel 2 active.

[MEAS 2 ON/OFF} Displays two measurements on channel 2.
Channel 2 is currently displaying two swept measurements where we reguire
readouts.

[Readout} Pressing this soft key results in the
measurements of channel 2 changing from swept
to power meter readout measurements.

Step 3 - Define the source conditions

Following an instrument preset the source mode defavlts io Start & Stop Freg
Sweep. For this measurement setup the source mode required is Voltage Sweep,
since the stimulus for the VCO is to be a voltage. For reasons which will become
apparent later Channel Coupling will be left on, so it does net matter at this stage
which is the active channel.

[SOURCE] This selects the voltage sweep mode of the
[Select Source Mode] source, The graticule start and stop annotation
[Voltage Sweep will change from frequency to voltage; both will

be at 0V at this stage. For this particular YCO,
however, a 2 to 8 V voliage sweep is required.

[Return to Source] Returns to the Source menu.

[Set Start Voltage] Sets the start sweep voltage to 2 V.
[2] 1]

[Set Stop Voltage] Sets the stop sweep voltage to 8 V.
[81 [x1]

[ENTRY OFF]
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Step 4

‘Step 5

- Define the measurements

From Fig. 2-40 it can be seen that the 6230 detector used for measuring the swept
power output of the VCO is connected to input A, Since this is the default setting
for measurement 1 of channel 1 there is no need to make any changes.
Measurement 2 is required 1o measure frequency, so [irst make it the active
measurement using [SELECT MEASL

[MEASURE] Sets up measurement 2 of channet 1 to measure
[Counter] the VCO frequency and display it on the vertical
axis.

Both measurements of chanunel 2, by default, are currently displaying a power
meter readout for the power measured by the 6910 sensor connected to input P, It
therefore only remains to change measurement 1 of channel 2 to a frequency
counter readout to measure the frequency output of the VCO, Firstly, make this
the active measurement using {SELECT MEAS].

IMEASURE Resulis in measurement 1 of channel 2 being
[Counter] configured as a frequency counier readout.

¥ is important to note here that by default (Le. following an instrument preset),
Detector Autozeroing is enabled. For this measurement we need to disable this
function and perform a manual detector zero instead. The reason for this is that
to perform a detector zero any RF signal to the detector should be turned off.
When autozeroing is enabled, the MTS automatically switches off the RF at the
end of a sweep so that the zero can be performed. There is no way for the MTS 1o
control the RF on/off for the VCO and consequently autozeroing would not work
properly and must therefore be disabled.

First ensure that no RF power is applied to the detector by disconnecting it from
the coupler,

[CALJ

[Det f Sensor Zerol

[ Detector Autozersing ©]  Turns off the autozeroing function. The AZ
indicator that is displayed in the General
Information Area when autozeroing is on should
now be removed.

[Zevo Detectors] Performs a detector zero which remwoves any drift
in the zero level of the detector,

Now connect the equipment as shown in Fig. 2-40, with the 6230 detector
connected to the output of the coupler and the COUNTER input connected 1o the
coupled arm of the coupler. Also connect the VCO to the VOLTAGE/CURRENT
QUTPUT connector on the rear panel of the MTS.

- Calibrate the measurement system

For this measurement we are only using the swept scalar response on
measurement  of channel 1, Le. the power outpui of the VCO, as an indication of
the power response of the VOO, Calibration is therefore not necessary for this
path, and the measurements will therefore not be very accurate because of the
uncertainties introduced by the coupler and adapters.
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The frequency counter is locked to an accurate and stable internal crystat
frequency standard and therefore does not require any calibration. However, the
power meter readout derived from the sensor connected to input I does require
calibration if the output power of the VCO is to be measured aceurately.

fCAL] A window s displayed stating the current cal
[Sensor Cal] and linearity valves and insiructs you to connect
the power sensor to the power reference.

[Set Cal Factor] Enter the value of reference calibration factor
given on the sensor fabel. Some sensors (e.g.
6910} do not have this information on the labej;
in these cases the default value of 100% i
assumed.

[Set Lirt Factor] Enter the value of linearity factor given on the
sensor iabel.

[Continue] Initiates zeroing and calibration of the sensor.

Step 6 - Choose the format

The default format (dBmy) is used in this exaraple for both the swept measurement
of output pewer and the power meter readont,

Step 7 - Select appropriate scaling

Scaling is only appropriate for the swept scalar responses on channel . First
make measarement 1 active.

[SCALING]

{Sef Ref Level}

{-115] [x1] Sets the reference level to -5 dBm.
[Sect Scale]

£21 [x1] Sets the scale factor to 2 dB/div.

Now make measurement 2 active.

[Set Ref Level]

1111.] [911Gyl Sets the reference level to 1.9 GHz.
[Set Scale] .

{51 [0 [Mp] Sets the scale factor to 50 MHz/div.

Alternatively. suitable scaling could be achieved using the antoscale facility.
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1A oBm w5000 dBm M 2Frequency Freq «180 GHz H 1
[3i-11.32 dBm 200 a8/ 12]1.62338 GHz  50.00 MHY/

o I i ——— — -
1] N
]
5]
/ [
Start 2.000 V 4035 V Stop 8.000 V
2
1:Counter

1.587 213 942 GHz

2D
-9.318 dBM |car Factor : 98.00%

T T T T H T H

2607

Fig. 2-41 VCOQ measurement

Step 8 - Use markers and other MTS features to get detailed
information about the measurement

Provided that a numeric entry window is not displayed, the rotary control can be
used 10 move the active marker across the graticule of a sweptl measurement. As
the active marker is moved slowly across the graticule, the frequency of the VCO
as measured by the counter readout {measurement 1 of channel 2) will change.
This is because the counter measurement of channel 2 is coupled to the active
marker domain (voltage stimujus) value on channel 1, resuiting in the counter
taking a reading at the position cutrentty defined by the active marker on the
voltage sweep.

First make measurement 1 of channel 1 the sctive measurement using [SELECT
MEAS].

[MARKERS] Presents & sub-menu,

[Marker Functions

IMarker io Max/Min]

[Active Mkr to Maximum]  This results in the counter displaying the
frequency at the point of maximum power.

[Active Mkr to Minimum]  The counter now reads the frequency at the point
of minimum power,

We now wish to measure the maximum and minimum power cutput of the VCO
more accurately. However, before changing the measurement connections we will
hold the swept measurements on channel 1. Firstly, ensure that measuremens 1 of
channel 1 is the active measurement.
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[HOLD} When this key is pressed the measurement trace
is frozen and an H indicator appears in the trace
information area for that measurement.

Now make measurement 2 of channel 1 the active measurement and press
[HOLDY] again.

Disconnect the coupler from the VCO and connect the 6910 power sensor in its .
place.

We know the range of frequencies over which we wish to measure power so we
must first enter the appropriate cal factor for the sensor. Firsily, make
measurernent 2 of channel 2 the active measurement.

[MEASURE] Enter the value of cal factor from the sensor labei
{General Set-upf for the frequency of interest. A value of 98% is
{Sensor Correction] assumned in this example,

{Cal Factor & Lin Factor]

[Set Cal Factor]

(91181 ix1]

Alterpatively, the cal factor information on the label could be entered into the MTS
as a table of cal factor versus frequency. This would then allow Cal Factor User
Freg to be specified, which means that only the measurement frequency need be .
entered and the MTS would automatically apply the appropriate calibration data. 5

As the active marker is moved using the rotary control, the stitanlus to the VCO
for the power meter measurement will be that for the particular point of the voltage
sweep corresponding to the active marker position. Even though channel 1 is ne
longer making live measurements (it is only displaying the held measurements),
the voltage source is still generating the required stimulus. The power meter
readout displayed as measurement 2 of channel 2 is thus the power output of the
VCO as measured by the 6910 power sensor.

it should be noted that the power meter readout will usually be slightly different
from the swept response indicated by measurement 1 of chanael 1. This is due to
the different methods of measuring power. The power meter readout provides the
most accurate results, and should be used when accurate measurements of
absolute power are required. Also, the counter readout will give a more accurate
measurement of frequency than the swept response in channel 1. This is due to
the shorter counter gate fime that must be used for swept measurements of
frequency, and the fact that the response is limited 1o six digits (the readout can
display frequencies to ! Hz resolution).

Step 9 - Create a permanent record of the measurement results

A hard copy of the measurement can be created via the menus accessed with the
[COPY] key, as with Example 1.

Step 10 - Save the instrument settings or measurement
traces for future use

Instrument settings or measurement traces can be saved and recalled using the
[SAVE/RECALL] facilities, as with Example 1.
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Example 20: Reflection analyzer measurements

The steps for using the 6210 for the first time are outlined here. The following
sequence is recommended,

(1)  Plan the required measurements
{2)  Prepaze the instrument

(3) Calibrate the instrument

{4)  Make measurements

This example is presented in a different format from the previous examples
hecause of the more detailed explanation that is required for reflection analyzer
measurements. The measurement set up is shown below:

our

CaRue

Fig. 2-42 Setup for reflection analyzer measurements

Planning the required measurements

It is necessary to make some decisions about instrument configuration before
measurements can be made with 6210, This is because measurements can only be
made afler calibration is carried out, and only the frequency points chosen for
calibration may be used for subsequent measurements,

Vector reflection coefficient

The 6210 s a reflection anatyzer, which means that it is capable of measuring
vector reflection coefficient. This is an advantage over scalar analyzer systems
because it allows more accurate measurements to be made, and the addition of
phase information permits a wider range of device characterisation and problem
solving lechnigues tw be employed.
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Connector types

Devices under test (DUTSs) are fitted with many different types of connector, If a
scalar autotester were to be used for the measurement, then it wouid be necessary
te obiain a autotester having the correct connector type and sex for the DUT, With
a reflection analyzer, this procedure is not necessary because the imperfections
associated with any type of test port adapter are calibrated out. It is therefore
necessary to obtain a calibration kit in the same connector type and sex as the
DUT.

Frequency domain measurements

Consider the frequency range, numaber of points, sweep speed and power level
which are appropriate for the DUTS to be measured. 401 poinss is common for a
broadband {requency sweep, but thore points over a narrow range may be required
for high-Q DUTs. A source power leve of 2 dBm is optimum for most
measurements, but less power may be appropriate for some small-signal active
devices. It is preferable but not essental to use the same power level for
calibration as will be used for measurements.

Slow sweep speeds are sometimes necessary for arnplifiers with internal levelling
mechanisms, such that the sweep rate allows them to settle. Normally, automatic
sweep speed with an averaging factor of 8 gives the best compromise between
speed of response and attainable dynamic range. Use averaging during the
calibration for best accuracy, even if it is turned off later to improve measurement
speed.

Time domain measurements

The time domain analysis software built into the 6210 Reflection Analyzer allows
the frequency domain reflection coefficient data to be transformed into the time
domain. The measurement trace can be interpreted as refiection coefficient against
distance info the device under test. Tt is possible to identify the location of
impedance discontinuities and imperfections within the DUT from the time 1aken
for the measuring signal to reach the discontinuity and return to the test post. This
aids fault-finding and gives insight into DUT operation, Furthermore, it is possibie
to edit the time domain response, and return to the frequency domain, showing the
frequency response of the edited DUT. This is explained further in 'Gating and
Fencing'.

There are two types of thme domain transform, Low-Pass and Band-Pass. The
names come from the range of frequencies that have been used for measurement,
as if a filter had been applied to an infinite range of frequencies. The Band-Pass
transform uses a non-zero starl and stop frequency. The Low-Pass transform is
used when the measurement data points are extrapolated down to DC. For this
reason, Low-Pass mode may only be used on broadband DPUTs where there is a
usable performance down to DC. This altows the characteristic impedance of
transraission lines and the capacitive or inductive nature of discontinuities to be
quantified. Allematively, Band-Pass mode is used with band-pass DUTSs, such as
waveguide. However, the lack of DC information means that only the magnitude
of individual reflections can be determined in the time domain. 1t is not possible to
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determine whether a discontinuity is inductive or capacitive, or whether a
transmission line is too high or o low in characteristic impedance.

For both types of time domain aalysis, the frequency points have to be carefully
choser for the mathematics 1o work properly. The Low-Pass Sweep mode must
first be selected before calibration and measurements, in order that the Low-Pass
time domain mode is selectable. This is because the frequency points are chosen
to lie on # harmonic sequence stretching from DC to the highest frequency. The
Band-Pass time domain iode can only be selected after a calibration using the
Start & Stop Frequency Sweep mode or the Waveguide Sweep mode. The
Wavegnide Sweep maode is used to enable physical distance to be displayed in a
waveguide run, by fully correcting for the effects of waveguide dispersion.

Preparing the instrument

First, press [PRESET] 1o set the instrument to the [Default Settings] state.  Then
set the [CHANNEL MODE] to [Reflection Anafyzer]. Unless a previous
calibration can be awtomaticsily recalled, a warning message will appear stating
"Reflection analyzer calibration invalid®. I is now necessary to set up the
instrument parameters for the new calibration. This invelves choosing functions
from the [CAL){Reflection Analvzer CalllSet Up Caltbration] menu.

Entering cal kit parameters

If this is the first time that this particular calibration kit has been used, it may be
necessary to enter the calibration kit parameters into the instrument. From the
[CAL] menu, the [Edit Cal Kit Data] sofl key invokes a parameter editor. Farther
details are in the 'FUNCTION {Reflection Analyzer)' section of the MTS
Operating Manual.

Setting up the source and measurement parameters

From the [CAL)/Reflection Analyzer Cal][Set Up Calibration}{Set up Source]
men, set the start and stop frequencies to 250 MHz and 8 GHz, for example. Set
the power Iovel to 2 dBm. If required, set the number of poisnts to other than the
default value of 401.

From the [CAL]{Reflection Analyzer CaljiSet up Calibration] menu, set the
averaging factor to 8, and turn averaging on. Press JAC Detection] or [DC
Detection] as required. DC detection is preferred unless external signals are likely
10 interfere with the measurement.

Calibrating the instrument
The reason for calibration

One of the main benefits of the 6218 Reflection Analyzer is its superior accuracy
over a Scalar Analyzer system. This is achieved through calibration with a
calibration kit. This s only possible because the reflection analyzer measures
vector reflection coefficient, which makes possible the mathematical correction of
the various microwave error vectors. Calibration involves making measurements
of known reflection coefficients (standards}, and computing the error correction
required from the difference between the measured and true values. Therefore
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each calibration piece must be connected to the test port in turn during the
calibration procedure, before measurements can be made.

Observe the precautions detailed in Appendix E of the MTS Operating
Manual when handling and using calibratien kit components.

A major advantage of error correction is that test port adapters can be freely used.
Any connector fype or sex is permifted, providing that the calibration is performed
with the matching calibration kit at the end of the adapter. The accuracy of
measurement depends on the quality of the calibration kit. This is in direct
contrast with the performance degradation experienced when adapters are used
with scalar autotesters.

A number of different calibration techniques are available, each suited to different
frequency ranges, transmission line types, and accuracies required. They are
explained in detail below.

If the Bias Tee option is fitted to the 6210, disconnect the bias supply from
the rear panel BNC connector, or set it to zero during calibration. The bias
available at the test port can irreversibly damage short circuits by contact
sparking, and matched loads by power overload. Do not re-connect the bias
supply until the calibration pieces have been removed from the fest port.

Short - open - fixed load cal

This is the simplest type of calibration. Excellent results are achieved up to
2 GHz, but at higher frequencics, the best measurement performance requires
calibration with the sliding load.

From the [CAL] menu, press [Reflection Analyzer Cal]. Use [Select Cal Kit] to
choose the cal kit parameters that match the Calibration Kit that will be used.
Select the sex of the DUT that is to be measured using the fMale] or {Female]
soft keys. Choose the [Short, Open, Fixed Load] Calibration method. Verify that
the other instrument parameters displayed are correct. You may abort the
calibration at this stage if settings outside this menu need to be altered,

When sl is ready, press [Measure Standards]. If the upper frequency parameter
for the fixed load is jower than your chosen stop frequency, the instrument wili
inforr you now. This simply means that the quality of the load will corpromise
accuracy at the higher frequencies. Confinm that you wish to proceed. Connect
the three calibration standards in turn, and press [Measure Standard] Tor cach
one. If anything is wrongly connected, you may select any standard for re-
measurement using the arrow soft keys.

The short circuit takes longer than the other standards to be measured, because an
internal automatic self-calibration also takes place.

After all three standards have been measured, press [Process Measurements].
The error correction parameters are now calculated. This takes about 10 seconds
for 401 poinis. Press [Select Store... ] to choose the store number for the
calibration data. Then press [Save Calibrarion]. Confirm that you wish to
overwrite the old store if it is not empty. At this point, alter the Calibration 1D if

46882-265F




www.valuetronics.com

EXAMPLE MEASUREMENTS

required. This is a label to enable casy identification of stored calibrations at a
later thime,

Now the instrument wilt be making error-corrected reflection coefficient
measurements,

Short - open - sliding load cal

This calibration method is a refinement of the Short - Open - Fixed Load
calibration described above. At frequencies above 2 GHaz, the sliding load is used
instead of the fixed load to achieve a higher degree of accuracy. The sliding load
uses the mechanical properties of an airline to determine a 50 £ impedance, rather
than a perfect load element. It is constructed from a coaxial fube and inner rod,
which together are known as an airline. The mechanical diameters of these two
parts are contrelied 10 a few microns accuracy, which governs their characteristic
impedance. A tapered load element fits into the space between the tube and rod to
absorb most of the microwave power. This element is able to slide along the
length of the tube by means of a slider mechanism attached at the rear. Tts key
property is to have the same magnitude of reflection, regardiess of slide position.
Therefore, the vector reflection coefficient at any given frequency traces out a
circle of constant radius as the load element slides. 1t can be shown that the centre
of the circle is the 50 { characteristic impedance of the airline, and it is this
property which is used for calibrating the Reflection Analyzer.

To perform a sliding load calibration, select [Short, Open, Sliding Load] instead
of [Short, Open, Fixed Load]. Then follow the instructions above for the Short -
Open - Fixed Load calibration, except thal exira measurements now appear for
eight positions of the sliding load. When it is time to measure the sliding load,
extra care must be taken in conpecting it. There are two methods for connection of
the sliding oad, although the construction of a particular siiding load may not
permit both to be used. The zero gauge technique is more accurate. It involves
setting up the centre conductor with a connector gauge and then mating it with the
test port as if it were a standard connector. This requires a self - supporting centre
conductor, which aligns properly with the test port, If the centre conductor is
unsupported until it has been mated with the test port conaector, then the centre
conductor must be mated before the outer conductor. The foillowing procedures
should help to avoud damage

Sliding loads with self - supporting centre conductors

(1) Move the slider as far as it will go towards the connector {front) end and
remove the centre conductor support from the sliding load connector.

(2)  Setup an appropriate connector gauge and connect the sliding load to i

(3)  Carefully loosen the locking collet at the back end of the load, and adjust the
centre conductor positioner so that the connector gauge reads zero.

{4} Remove the comnector gauge.

(5 Hold the load with both hands. Ose hand should be on the centre conductor

al the rear of the load, and the other at the front to guide the load towards
the test port connector.
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(6)

7

®

)

(10)

Make sure that the load is squarely aligned with the test port, and offer it up
to the centre conductor of the test port, Carefully do up the connector sut,
WITHOUT rotating the load,

Torque up the connector nut with the torque wrench, if provided in the
Calibration Kit.

Now proceed to make measurements of the sliding load positions, Each
position is marked with a ring on the body of the load under the slider,
except the first position where the slider is at the end of its ravel nearest the
Reflection Analyzer.

Return the slider to the front-most position, untorgue the connector, and
remaove the stiding load keeping it well supported.

Replace the centre conductor support and return the sliding load to the cal
kit

As before, press [Process Measurements] and proceed as for the fixed load cal,
above,

Stiding Loads with Unsupported Centre Conduciors

ey

2)

"
(3)

9

(10

Hold the siiding load horizontally at all times. The centre conductor will
slide cotnpletely out of the back of the ioad if the locking collet is loosened.

Move the slider as far as it will go towards the connector (front} end and
remeve the centre conductor suppott from the sliding load connector.

Carefully loosen the locking collet at the back end of the load, and push the
centre conductor forward as far a5 possible so that it protrudes from the
connector at the front,

Hold the load with both hands. One hand should be on the centre conductor
al the rear of the load, and the other at the front 10 guide the load towards
the test port connecior,

Make sure that the load is squarely aligned with the test port, and offer the
centre conductor of the load up to the centre conductor of the test port.
Gently push the centre conductor fully home.

Now slide the body of the load over the centre conductor and locate it on the
outer conductor of the test port. Carefully do up the connector nut,
WITHOUT rotating the load.

Torque up the connector nut with the torque wrench, if provided in the
Calibration Kit.

Check that the centre conductor is still fully home, and tighten the locking
collet.

Now proceed to make measurements of the sliding load positions. Each
position is marked with a ring on the body of the load under the slider,
except the first position: where the slider is at the end of its fravel nearest the
Reflection Analyzer.

Return the slider to the front-most position, untorque the connector, and
remove the shiding load keeping it well supported.
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{I}) Unlock the centre conductor, push it forward out of the connector as far as
possible and then lock it in place. Replace the centre conductor support and
return the sliding load to the cal kit.

As before, press [Process Measurements] and proceed as for the fixed load cal,
above.

Calibrating at the end of a cable

We have already seen that it is possible to calibrate out the effects of test port
adapters. Similarly, it is possible to calibrate out a cable attached to the test post,
However, the internal self-calibration that is normally performed with the short
circuit a1 the test port can fail if insufficient signal is reflected back from the short
circuit. A warning “Reflection analyzer calibration failure {reduction)” may be
displayed afier the {Process Measurements] function has completed. To
overcome this, it is recommended to performed the self-calibration separately with
the short circuit connected dirgctly to the Reflection Analyzer test port. In the
[CAL)jReflection Analyzer Cal] memy, the [Ser Up Calibration] option allows
[Calibrate ar Test Port] or [ Calibrate at End of Cable] 10 be selected. In the
latter mode, the first stage of measuring the calibration pieces involves measuring
the short circuit directly on the test port, followed by a normal calibration at the
end of the cable,

Waveguide calibrations

The Reflection Analyzer supports calibration in waveguide threugh the use ol a
coax-to-waveguide adapter on the test port. The sequence of operations to set up
the instrument is very similar to coaxial measurements. In the [CALY Reflection
Analyzer CallfSet Up CalibrationjfSet Up Source] menu, choose start and stop
frequencies that are in-band for the type of waveguide that is Lo be used. For time
domain measurements, use either the [Start & Stop Freg Sweep], the [Chir &
Span Fregq Sweep], or the [ Waveguide Sweep [ modes. The latter mode uses a
“warped” frequency sweep. This adjusts the spacing of the frequency poinis so
that the time domain response is compensated for the dispersive effects of
waveguide, The advantage of this mode is that the display of discontinuities is
sharpened, and their exact physical distance is displayed directly.

Calibration invoives the use of a waveguide Calibration Kit. The parameters for
this type of kit are entered into the instrument using [CAL/Edir Cal Kit Data],
and the [Ser Connector] type is setto [ Wavegnide]. When a [Reflection
Analvzer Cal]is invoked with a waveguide Cal Kit, the calibration methods
available are either [Short, Offset Short, Load] | {Short, Offset Short, Sliding
Load]. or [Short, Offset Shorts], which uses two offset shosts,

Calibration accuracy confidence check

The simplest way to check that there are no obvious problems with the calibration
is to re-measure the fixed load used for calibration. This is not a check of trus
accuragcy, because all loads reflect some signal. However, poor connections and
set-up errors will be highlighted.
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If the calibration type was Short - Open - Fixed Load or Short - Offset Short -
Fixed Load, the calibration has assumed that the fixed load was perfect, and so
measuring the same Joad again shouid indicate zero reflection coefficient, On a log
magnitude display, this corresponds to an infinite return loss, but in practice, the
noise floor of the instrument will limit this to typically -60 dB without averaging.
If the trace is above -45 dB, especially over a narrow portion of the trace, suspect a
connector resenance.

A calibration that uses a Sliding Load will not measure the fixed load as having
infinite return loss, Below 2 GHz, the calibration uses the fixed rather than the
sliding load, so the measurements will be the same as for the fixed load
calibration. Above 2 GHe, the true return loss of the fixed load will be measured,
to the accuracy limits of the sliding foad. A typical response is shown in the figure
below,

MICROWAVE TE8T SET ¥4 RF ON_ [Channet Made!
1:511  Calt Log »{.00 dB 1
[1]-28.27 dB 5.00 B/ A
Reflection
Analyzer
T T —
S
/ [
|,
/ N
L/ Dual Channel
Display P
W, Chanqel
Start 262.376 MHz [1120.0000 GHz Stop 265000 GHz| \Coupling o

C1173

Fig, 3-43 Fixed Load Measurement

Full performance verification involves the use of a precision beadless airline. To
avoid excess wearing of the airline connectors, this should not be undertaken
routinely.
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Making measurements
Freguency domain measurementis

Alter calibration is complete, the instrument provides a continuously swept display
of reflection coefficient. The general features such as formats, scaling, markers,
and measurement functions are similar to the Scalar Analyzer channel mode. The
main differences lie in the extra display formals appropriate (o vecior reflection
coefficient. :

Press [FORMATI to select the different display formats. Of particular relevance is
the [Phase] format for phase matching and the {Simith] chart format for device
matching. )

Under the [MEASURE] menu ate the averaging controls and [Resiart Averaging].
It may be preferable to switch averaging off completely. Also, [Display Zoom] is
used to display just a subset of the measurement frequency range. This gives a
stmilar effect to the common practice with a scalar analyzer of changing the source
start and stop frequencies to view features of interest more clearly. Note that it is
not possible to directly alter the source frequencies in a reflection analyzer channcl
without invalidating the calibration and preventing further measurements,

Time domain measurements

One of the most powerful features of the Reflection Analyzer is its time domain
capability. From the [MEASURE] menu, press the [Time Domain] soft key. The
display will change to an appropriate cartesian format with a horizontal time axis.
Pressing [Time Domain Functions] enables the type of time domain transform to
be selected, See 'Time Domain Measurements' earlier in this section for a
description of these options. [Display Domain] allows the horizontal axis to be
labelled as either time or distance.

1t is usual to use the log magnitude or linear magnitude display formats when
viewing the Band-Pass time domain. Each peak shows the reflection coefficient
magnitude of a discontinuity within the BUT.

With the Low-Pass time domain mode, more revealing display formats are
possible. Set the time domain mode to [MEASURE]/Time Domain
Functions [ Low Pass Transform]. Press [Step Response]. Use the
[FORMATI/Real] display rather than log magnitude. This allows the reflection
coelficient of the DUT to be displayed as a function of distance or time into it.
Note that the dispiay may be negative as well as positive. A value of +1
corresponds to an open circuit, and a value of -1 corresponds to a short circuit. If
this were band-pass mode, the two responses would be indistinguishable. A
steady trace above the zero line indicates that the characteristic impedance of that
section of transmission line is too high, An upward transient indicates inductance,
and a downward transient indicates capacitance. Fig. 3-44 shows typicat
responses for these conditions.
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Fig. 3-44 Typical responses due to discontinuities

This information allows an engineer to locate the problem within a circuit, and
predict the type of corrective action necessary. A useful approximation is thata
change of 1 ohm = 10 mU for small reflections. For example, -20mU =48 Q ina
50 €2 system,

Gating and fencing

This is a powerful editing techuigue that allows particular sections of the DUT 1o
be isolated or removed from the overall response. A mathematical function is
applied to the measurement 1o make the chosen sections of the DUT appear
matched, The editing is done in the time domain. and the result may then be
transformed back into the frequency domain. This allows the effects of individual
discontinuities to be evaluated, so that the section of a DUT to be improved can be
determined with confidence.

For exampie, Fig. 3-45 shows the frequency domain return loss of a typicat DUT.
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MICROWAVE TEST SET AZ AF ON [Chanﬂal Made]
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Fig. 3-45 Typical DUT return loss

Time domain may be used to further analyse the DUT. From the [MEASURE]
menu, turn [ Time Domain] on. Fig. 3-46 shows the Low-Pass step response of
the DUT. A capacitive discontinuity is clearly visible at 230 ps delay. Therefore,
in air, this corresponds to a distance from the test port of 69 mm, assuming the
speed of light to be 3x10! ! mmys.
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Fig. 3-46 Low-pass step response of DUT

Press fGating / Fencing] and choose fencing rather than gating with {Gating
Mode]. Gating is a function which keeps just the data within the gated region,
and mathematically matches the rest of the trace outside the region. Fencing is the
mverse of gating, which matches the fenced region and keeps the trace unchanged
cutside the region, Use [Set Fence Start... ] and [Set Fence Stop... | to position the
fencing markers around the region of interest. Either enter numeric values with
the keypad or use the knob on the front panel. Once the fencing markers have
been set up, apply [Gating / Fencing] to view the effect. The capacitive
discontinuity between the fence markers has now been matched out. Note the "B

or "G" which appears with the measurement information above the trace. See
Fig. 3-47.
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Fig. 3-47 Low-pass step respanse of DUT with fence applied

Return to the frequency domain with [MEASUREL Time Domain] (off) to see the
frequency response of the fenced measurement. The "F" in the measurement
information box indicates that fencing is still applied. See Fig. 3-48.
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Fig. 3-48 Frequency response of DUT with fence applied

It is now possible to quantify the performance improvement that could be achieved

if the raajor impedance discontinuity within the DUT was addressed.
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Miscellaneous features of the MTS

Copying to a printer/plotter

Onee a measurement has been made and a plot has been produced on the screen, it
may be necessary to create a hard copy of the measurement. This can be done in
wo ways:

Graphical plot
To create a graphical plot of the measurement connect the plotter to the rear panel
GPIB connector. Ensure that the MTS is in GPIB Controller Mode; if necessary
press [UTILITY] [GPIB] [Controller Mode], When this mode is in effect, it is
indicated by the box surrounding the {Controller Mode | soft key label being
highlighted.
If necessary, set the GPIB address to suit the device in use. This is typically set to
5 for GPIB plotters:

fUTILITY] Press these keys and set the GPIB address to suit
[GPIR} the device in use.

[Plotter Address]

[COPY] Starts the plotting operation. The plotting will

proceed as a background task since the data is
buffered. This allows further measurements to
be made whilst the plotting proceeds.

Graphical print
To create a print of the measurement connect the printer to the PARALLEL
PRINTER connector,
{COPY] Specifies the type of printer that is to be used,
[Select Printer]
{Epson FX]
or .
[HP Desk Jet / LaserJet]

or
{Canon BJ]

[COPY] Starts the printing operation. As for plotting, this
{Graphical Print] will be done as a background task.

To simplify entering of trace titles, ap external keyboard can be connected to the
MTS via the standard keyboard interface on the rear panel.
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Entering a new password

A new password can be specified using the following sequence:

[UTILITY]
[Service]
{Set-upl

{Sef Passwords]

A primary 6-digit password is must be entered in order (o continue any further,
Each instrument leaves the factory with the primary password held in the screen
title associated with instrument settings store 1. This can be viewed using

[SAVE/RECALLY Recall Settings]i11ix1]

(If this store is overwritten at any time before the primary password has been
noted, contact Marconi Scrvice Division at Luton.)

A sub-menu will then appear enabling the user to sei the level 1 and leve} 2
passwords by pressing the [Ser Level | Password] and [Set Level 2 Password]
soft keys respectively and then entering a new password.

The level 1 password is a 4-digit nurnber in the range 1000 to 9999, and the

factory set default is 9999. The level 2 password is a 6-digit number in the range
100000 to 999999, and the factory set default is 999999,

Calibrating 6230A/L. Series EEPROM detectors

The following procedure shows how to calibrate a 6230A/L. detector using the
dyramic calibrator feature of the MTS. Normally a detector would be calibrated
when the instrument is switched on to make a new set of measurements, or once a
day if the instrument is left on for a longer period of time. Connect the detector to
input A of the instrument.

[MEASURE] Select the input to which the detector has been
{General Set-up] comnected, e, A, B or C.

[Detector Correction]

finput A}

[Linearity Calibration] Connect the detector to the power reference.
[Continuef The detector will then be calibrated,

Using the floppy disk drive
Formatting a disk

To format a 3.5 in. floppy disk to accept MS-DOS files (1.44 MB capacity)
proceed as follows

Insert the disk to be formatted into the disk drive at the side of the instrument,
then press

[UTILITY]

[Service]

{Set-up]

{Format Disk]
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EXAMPLE MEASUREMENTS

Saving traces to memory
Once a measurement has been made and a trace produced on the screen, it can be
saved as an MS-DOS file on floppy disk. If required, a number of traces relating
to a particular project can be saved under a specific directory.

[SAVE/RECALL] This activates a sub-menu which enables
[Save Trace to Memory] file/directory selection, saving of new files and
fFloppy Disk} overwriting of existing files. New directories can

be created using the { Create Directory] soft key.
New directories can also be created using the Disk Funcs meny, accessed by
pressing
[UTILITY]
{Service]
[Floppy Disk Functions]

This menu aiso allows files and directories to be deleted.,

Entering of file and directory names will be easier and quicker if an external
keyboard is used; this is connected to the keyboard interface at the rear of the
instrument.

Copying traces between floppy disk and MTS / memory card

Measurement traces can be copied between {loppy disk and internal MTS memory
or between floppy disk and a memory card. This facility can be used, for exumpie,
to retrieve earlier traces stored on disk for comparison with a live trace.

[UTILYTY] This activates a sub-menn which enables

[Store Operations] divectories and trace memory files to be selected

[Copy Trace Memory] using the arrow keys. Files are copied by

[Floppy Disk} pressing {Copy from Disk] or [Copy to Disk] as
appropriate.

Configuring a memory card

A memory card can be configured by using the following key presses:

[CTILITY] A fevel 1 password will be required to continue.

. The level 1 password is & 4-digit number in the
[Service] range 1000 1 9999, and the factory set defanit s
[Set-up] 9999, To allocate a specified number of stores
{Configure Memory Card]

for a particular type of data, press the
appropriate soft key and enter the required
number.

46682-265F 2-103
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EXAMPLE MEASUREMENTS

Using an external keyboard

The MTS has a text entry function which can be used, for example, 1o enter
screen/measurement fitles, create/edit macros and when entering floppy disk
file/directory names. The 62008 series allows these text entry operations to be
petformed more easily using an external keyboard connected to the rear panel
KEYBOARD connector. Although a standard size IBM PC keyboard may be
connected it may not function comrecily with the MTS, and it is recommended that
the compact keyboard available from Marconi Instruments as an optional
accessory is used. The keys are mapped to the MTS keys as follows:

MTS Key Keyboard MTS key Keyboard
Softkeys 1 to 8 F1to F8 IGpl <Cul= G
[SOURCE] <Al> 80 M) <Cul>M
[MEASURE] <Ale=ME [k ] <Cul> K

fCAL) <Alt=CA [x 1] <ENTER>
FORMAT] <Alt>FO [BACK SPACE] <BACKSPACE>
ESCALING] <Alt> SC [COPY] <Alt>CO
[MARKERS] <Al>MR  [SAVE/RECALL] <Alt>SA
[SELECT MEAS] <Alt> 8B IMACRO] <Al MA
MEAS I ON/OFF]  <Alt> M1 [UTILITY} <Ale>UT
[MEAS 2 ON/OFF}  <Ali> M2 [HOLD] <Al> HO
[SWITCH CHANNEL] <Alt> SW  [LOCAL] <Alt=LO
[CHANNEL MODE] <«<Alt>CM  [PRESET] <Ale> PR or <Curl> C
[ENTRY OFF} <Esc>

Inerement (T) Up arrow key

Decrement (l«) Down arrow key

Rotary conirol Left/right arrow keys

The numeric keys, including " and - are directly mapped.
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Marconi

Instruments

The international country codes in telephone and fax numbers are shown in squars brackets [ ]

whilst the national area codes are identified by round brackets ().

! UNITED KINGDOM

|

| GERMANY

Marconi Instruments Lid
Longacres House

Noron Green Poad
STEVENAGE

Hartfordshire S(21 28BA

United Kingdom

Telephone: [+44] (1438) 742200
Fax: [+44] (1438) 727801

Telex: 23350 MARCON G

Marconi Messtechnik GmbH
L.andsherger Strasse 65
D-82110 GERMERING
Germany

Tefephone: [+49] (89) B4 9360
Fax: [+49]1(89) 84 18142
Telex: 5212642 MMMC D

l NETHERLANDS

AUSTRALIA

Marceni Instruments (Py) Lid
Unit 1

38 South Stréet

Rydaimere,

NEW SOUTH WALES, 2116
Australia

Telephone: [+811 (2) 638 0800
Fax: [+61] (2) 38 3131

Marconi Instrumenten

Van Limburg Stirumiaan 4

5037 SK TILBURG

Postbus 845

5000 AP THBURG

Netheriands

Telephone: [+31]1{13) 463 95 4G
Fax; {+311(13) 639663

| SINGAPORE

FRANCE

Marconi Instruments SA

18 Rue du Plessis-Briard

“L.e Canat”

Courcauronnes

91023 EVRY CEDEX

France

Telephone: [+33] (1) 60 77 9G 86
Fax:1+33] (1) 60 77 69 22

Marcon! Instruments
ASEAN Regional Centre
GEG Building

3 Tai Seng Drive
SINGAPORE 535216
Telephone: {+65] 381 1470
Fax: [+65] 281 0113

Telex; 36370 GECSRSRS

I SPAIN

HONG KONG

Marconi instruments Lid.
Room 702-703,

L0 Wy Building

302-308 Hennessy Road
WANCHAI

Hong Kong

Yelephone: [+852] 2832 7988
Fax: {+852] 2834 5364

UK SERVICE DIVISION

Marceni instruments |id

The Airport

LUTON

Bedfordshire LU2 NS

United Kingdem

Telephone: [+44] (1582) 33866
Fax: [+44] (1582} 417573

Marconl Instrumentos 8.A,
Lurapa Empresarial
C/Rozabella, No. 6

Edif. Paris, Planta Baja, Oficina 1
28230 LAS ROZAS

Madrid, Spain

Tetephone: [+34] (1) 840 11 34
Fax: [+34] (1) 640 66 40

Telex: 57481 MIES E

USA

Marconi instruments Ing.,

3 Pead Court

ALLENDALE, NJ 07401

UsaA

Tetaphone: [+11(201) 834 9950
Toll Free: 1 800 233 2958

Fax: [+11 (201} 934 9229
Telex: 810 710 991 9752




International Service Centres

All Marconi Instruments products are supported by the following network of Service Centres. Details of these
establishments may change from time to time. If you experence difficuities, please contact our Customer Support Group
at the UK Service Division at the address on the previous page.

ARGENTINA | BRUNEI | ! COLOMBIA

www.valuetron

cs.com

V.R Marine Electronics

{AF Insirumentos}
Tacuman 858 - 6 TO Piso L
{1048) BUENOS AIRES
Republic of Argerlina

Telaphone: [+54] (1) 311 0424/7432

Fax: [+54] (1) 312 2799
Talex: 21834 JUDD AR

Marconi Instruments

ASEAN Regtonal Centre

GEC Buliging, 3 Tai Seng Drive
SINGAPCORE 535216
Telepfione: [+85] 381 1470
Fax: {+65] 2810113

| BULGARIA

Telectronica Limitada
Carrars 13,

Nr 48-47 Plso 8

SANTAFE DE Boeom [22¢]
Colombia

{
1+87] (1} 2876136
Fax:[+&7) (1) 2878589

| AUSTRALIA GOPE Elecironics
- 45 *Popova Shapka™ St
Marconi Instruments {Pty} Lid
Uit o0 SOFIA | czECH REPUBLIC
38 South Street g

Rydalmere,

Telephone: +359] (2) TOA357

f W SOUTH WALES, 2116 Fax: [+358] (2} 708357 Egﬁ;&gﬂ,‘z{’g .
ustraiia
Telophone: {+61] {2) 638 0B00 l CANADA 140 Q0 PRAHA 4

Fax: [+81] {2) 638 3131

l AUSTRIA

LB-Electronics GmbH
Doblinger Mauplstrasse 95
A-1180 WIEN

Austria

Tefephane; [+43] (1} 36030
Fax: [+43] {1) 3698443

Canadian Marconi Company

600 Dr Fraderik Philips Boulevard
Vile St Laurent

QUEBEC H4M 289

Canada

Telephone: [+11 (514) 748 3000
Fax: [+1] (514) 748 3900

Gzech Republic
Telgphone: [+42] (2) 692 50 80
Fax: [+42} (2} 692 50 B4

| DENMARK

CANADA

| BAHRAIN

Alrwave Electric WLL
£0 Box 22506

Canadian Marcon: Company
415 Leggeil Drive
PO Box 13330

Stantronic O{mhe;gardve; 18
DK 8700 HORSENS

Denmark

Telephone: [+45] 75 643366
Fax: {+45) 75 644080

Kanalg
MANAMA ONTARIO K2K 282 | EGYPT
Bahrain Canada

Telephone; [+973] 205200
Fax: [+973] 205383

BANGLADESH

Telephone: {+1] (613) 592 6500
Fax:[+1] (813} 592 7427

ALI-EE of Bangladesh Ltd
Magnet Hougse 71-72
Dilkusha Commercial Area
DHAKA 1000

CHILE

Morgan & Cia 5A
Almirante Pastene 256
Providencia,

Multi-Systems Enginesering
21 Ei Cbour Building
Salah Satem, Floor 16
CAIRO

Egypt

Tetgphone: [+20] (2) 2832771
Fax: +20] (2} 40280587

?'a? glgdgf‘ BBO] (2) 46031-46037 gﬁfﬁ;meo § FiJdl

Pt ang 15y aabictn Tolaphone: [+56] (2) 236 1278

Telgx: 642818 BDY 8y Fax: [+56] (2) 235 7552 AWA Compac Communication Pacific
Lid
37 Freeston Road

! BELGIUM CHINA e
Marconi Instrumenten Rparconi Instruments Service Centre g&‘\”,aAP' - Box 853
Van Limburg Stirurmlaan 4 DBepariment of Elsclronic Engineering Eii

5037 8K TLBURG

Posibug 645

5000 AP TILBURG
Netherlands

Telephone: (+31] {13) 639540
Fax: [+31]{13) 635663

Beijing Institute of Technology
7 Baighi Qlao Road

BEWING 100081

Peoples Republic of China
Telephone: +86] (10) 842 7054
Fax: [+86] (10} 842 7954

Tetex: 22011 8IT CN

Telephone: (+6879) 312744
Fax. [+679) 300376
Talex: 2347 AWA FLII FS

FINLAND

| BRAZIL = - R
ki Kkinat
ATP Hi-Tek Eletronica Lida HINA Kﬁ::;;gg;g;; mat ey
ngz;mﬁg%:’?;gzonas Masconi instruments Service Centre 0. Box 40
N 88 Jiang An Road SF-026830 ESPOO 63
%?2?;? BARUERI 5 SHANGHAI 200233 Fintand

Telephong: [+55] (11) 421 5477
Fax: (+85] {11) 421 5032
Telex: 1171413 HITK 3R

Pecples Republic of China
Telephone: [+86] (21} 64821947
Fax: [+86] (21) 64821947

Telephone: [+358] (01 5211
Faoe {+358] (0) 521 5290
Telex: 124469 KAUKO SF
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ERANCE

[ INDIA

I ITALY

Marcond Instruments SA

18 Rus du Plessis-Briard

“Le Canal”

Courcourpnnes

91023 EVRY CEDEX

france

Tefephone: 1+33] (1) B0 77 90 66
Fax. [+33] {1} 60 77 69 22

Blue Star Limited

13 Gommunity Centra

New Friends Colony

NEW DEHLI 110 065

India

Telephore: [+91] {11} 6911 660 or
[+91] [+1) B34 262

Fax: (+91) (11) 6841 8AB

Marcent SpA

Via Palmanava, 185

20132 MILANO

fialy

Telephone: [+39] (2} 256 3141
Fax:[+39] (2) 256 7745
Telex: 311467 MARCON |

| ITALY

| GERMANY

Marcaeni Messtechnik GmbH
Landsberger Strasse 65
D-82110 GERMERING
Germany

Tafgphone: [+43] (89) 84 9360
Fax: [+49] {89) B4 18142
Tefex. 5212642 MMMC D

GREECE

Telecom Hellas Lid

Negaron Thesaus

46 EL Venizelou Ave &
Kosmarigi/Kanakidi (Frinis} 2
176 76 Kalithea

ATHENS

Groece

Telephone. (+30] {1) 957 8205
Fax: [+30] (1) 957 1994

HONG KONG

GEG Hong Kong Lid

CC Wu Buiiding

302-308 Hernessy Road
WANCHA!

Hang Kong

Telephone. [+852] 2919 8282
Fax: [+852] 2834 5773

HUNGARY

MTA-MMSZ Ltd

59.681 Flgle ut

H-1118 BUDAPEST

Hungary

Telephons. [+36] (1) 2034350
Fax: [+36] (1) 20843573

Telex: 225114 MTAMM H

ICELAND

Amundason Hi
Lanqhollsvegur 108

124 REYKJAVIK

lcefand

Telephone: (+354] 5887820
Fax: [+354] 5889318

Telex: 2108 AMCO IS

INDIA

| INDIA

Blus Star Limiled

Biue Star House

11 Magarath Road

BANGALORE 560 025

India

Teiephene: 491] {B0) 5584 737 or
11{80) 5584 729

Fax. j+81] {80) §584 599

[ INDIA

Biue Star Limited

2-2-47, 471108,

Bolarum Road

SECUNDERABAD 580 009

india

Telaphone: ugv (40) 842 057 or
] {403 841 278

Fax:[+81] g4o) 841 445

| INDONESIA

P.T. Pangrama

28 Jalan Malraman Raya
JAKARYA 13150

Indonesia

Telephons. [462] (21 ; 850987(!
Fax: [+821 (213 88

Telex: 48216 CENT JKT

| IRAN

Zaeim Efectronic ind. Co. Lid

PO Box 14155-1434

Niloo Street

Na 21 Zagim Buiiding

Vanak Sguare

TEHRAN

Iran

Telephone, [+98] {21) 226 121415
Fax: [+08] {21} 226 6455

Telex: 212887 ZEM IR

| IRELAND

Naltronic Lid

John F. Kennedy Hoad

Naas Road

DUBLIN 12

Eire

Telephone: 1+353] {1} 503580
Fax [+353] {1) 552789
Telex: 9355 NELTE

Blus Star Limited

Head Office

Sahas, 414/2 Veer Savarkar Marg

Prabhadevi

BOMBAY 100 825

india

Telephone. [+91] (22) 4306 155 or
1+91] (22) 4306 185

Fax: (+91] (22) 4307 078

| ISRAEL

1S Electronics Agencies {1986) Lid
50 Betzalol Stroat

RAMAT GAN 52521

israet

Telephone, [+872} {3) 752 6333
Fax: [+972] (3} 751 0927

Telex: 361396 1ES 1.

Marconi SpA

Via Campo Mell'Tiba 35
138 ROME

taly

Teiephone: {+39] (6) 886 931
Fax: (+39] (8) 886 3963
Tefex: 626189 MARCON |

| JAPAN

Kikusui Electranics Cowp.

Nisso dal 15{h Bidg. BF

Mo 2-17-13, Shin-Yokohama
Kohoku-ku, Yokohama City
KANAGAWA PREF,, 222
Japan

Tetephona: [+81] (45) 475 1112
Fax: [+81]4{45) 475 1115
Tefex: J36475 KECIPN

i KENYA

GPT Kenya Lid

Uhuru Highway

P.O. Box 40743

NAROB!

Kenya

Telephona. [+254} {2) 555011
Fax: {+254] (2} 541556
Telox: 24053

! KOREA, SOUTH

Zing Internationat

Youngsung Bldg.

108-4 Bamsung-dong
Kangnam-ku

SEGUL 135 081

Republic of Korea

Telephone: (82} (2) 545 7334
Fax:[+82] {2} 545 7335

| KUWAIT

Al Nawasi Trading & Contracting Go.
PO Box 3204

13033 SAFAT

Kuzwait

Telephone: [+965] 244 7243

Fax: [+966] 241 0473

Telex: 22131 AAA KT

| LEBANGCN

Mabek
P. G Box 13-5657

BERUT

Lebanon

Telephone: [+961] [1) B644TY
Fax: [+961] (1) 603129

Telex: 22886 MABEK LI

| LIECHTENSTEIN

Isatel Emitec AG
Hinterbergstrasse §

6330 CHAM

Switzerland

Telephone. [+41] {42} 41 B0 41
Fax: |+41] (42} 41 BO A3
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LUXEMBOURG I NORWAY } SABAH
Marconi instrumenten Nortronicom a/ ‘
Yan Limburg Stiremlaan 4 P.0, Box 33 e e Gmmﬁﬁﬁ:ﬂfgé}é’ﬁgﬁgy o
5037 8K TILBURG Manglerud Jalan 215-Templer '
Posthus 645 081208108 P. 0. Box 255
5000 AP TILBURG Norway Jatan Suitan
Netheriands Telephona: [+47] (22) 88 09 10 46050 PETALING JAYA
Telephone: 1+31] {13) 639540 Fax:|+47] (22) 68 18 87 Malaysia

Fax: [+31] (13) 635663

MACAU

Telex: 17140 NM M

! OMAN, SULTANATE OF

GEC Hong Kong Lid

CC Wu Building

302-308 Hennassy Road
WANCHA!

Hong Kong

Telephone: [+852] 2910 8282
Fax:[+BE2] 2834 5773

MALAYSIA

The General Electric Company of
Malaysia Sdn Bhd,
Wisma GEC
Jalan 215-Templer
46050 PETALING JAYA
Selangor, Malaysia
Tefephane: [+60] (3) 791 1388
Fax: +60f (3) 792 1350 or
[+80] (3} 791 1886
Telgx: 37817 GECMYA MA

NAMIBIA

Measuretest oo

£.0. Box 6301

DUNSWART 1508

Transvaal

Republic of South Africa
Telephona: [+27) {11} 894 7721
Fax: {4271 {11} 884 6414
Telex. 747661 MTEST SA

NETHERLANDS

Marcont nsirurmenten

Van Limburg Stirumiaan 4

5037 5K TILBURG

Posibus 845

5000 AP THBURG

MNetherlands

Tefaphone: [+31] (13) 463 95 40
Fax: [+31) {13) 639663

NEW ZEALAND

Suhat & Saud Bahwan
PO Box 188

MUSCAT

Sultanate of Oman
Tefsphone: [+968] 793741
Fax: |+968] 706158

Telex: 3505 BAHWAN ON

| PAKISTAN

intermark Lid

P.O. Box 6158

Hakimsons Building

19 West Wharf Road
KARACHI! 74000

Pakistan

Telgphone: [+62] {21} 201725
Fax: [+92] (21) 231 04801
Telex: 23649 YAQIN PK

| PHILIPPINES

Sunley Inc

8/F ACT Buliding
0B Rada Street
Legasp! Vilage

Makati

METRO MANILA

Philippines

Telephone: (+631 (2) 816 1216
Fax [+63] (2) 815 0730

Telex: 62098 MANILA PN

| POLAND

intarlab PUH.

Ul Potocka 14, PAW 3

01-841 WARSAW

Poland

Talephone: [+48] {22) 333961 or
+48] {22} 333956

Fax: [+48] {22) 3332260 or 333956

Componants & Instrumentation N.Z,
%

id
P (. Box 38059
Wellington Mail Centra
19-21 Preforia Street
LOWER HUTT
New Zealand
Telephane: [+64] {4) 566 3222
Fax: [+64] (4) 586 3722

| PORTUGAL

NIGERIA

Pinto Basto Elgctrotecnia & Maquinas
Lida

Av. 24 da Julho

31

1200 LISBON

Poriugal

Telephons. [+351] (1) 3972041
Fax: (+351] (1) 3972595
Telex: 16819 SOCHL P

GPT (West Africa) Lid

2§ Creek Road

£.0. Box 1009

APAPA

Nigeria

Telaphone: [+234] (1) 5803230
Fax: [+234] (1) 5870591

Telex: 21385

CS.C(

om

| QATAR

Business Communications Qatar Lid
PO Box 150

DOHA

Qatar

Telephone: (+974] 325851

Fax: [+974] 414160

Telox: 4219 JAIDAH DH

Telsphore: [+80] (3} 791 1388
Fax: [+60] {3) 781 1886
Tefex: 37617 GECMYA MA

| SARAWAK

The General Elactic Company of
Mataysia Sdn Bhd,

Jatan 215-Templer

0 Box 258

Jalan Sultan

45050 PETALING JAYA

Malaysia

Telephone: [+60} {3) 781 1388

Fax: [+60] (3} 791 1886

Tolex: 37617 GECMYA MA

] SAUDI ARABIA

Tlectronic Equipment Marketing Co
P.0. Box 3750

RIYADH 11481

Kingdom of Saudi Arabia
Telephone. [+366} (1) 477 1650
Fax: (+966] (1) 478 5140

Telex: 401120 ZUHAIR §J

| SAUDI ARABIA

Electronic Equipment Marketing Co
P.0O. Box 855

Al KHUBAR 31852

Kingdom of Saudi Arabia
Telephone: [+968) {3) 857 1880
Fax: [+966} (3] 857 3554

| SAUDI ARABIA

Electronic Equipment Marketing Co
Abu Al-Fadel-Street

Palestin Road

SJEDDAR

Kingdom of Saudi Arabia
Talephone: [+966] (2) 6652146
Fax:{+866] (2) 6655804

| SINGAPORE

Marconi instruments
ASEAN Regionai Centrg
GEC Building

3 Tai Seng Drive
SINGARORE 535216
Telephona. [+65] 381 1470
Fax:[+85] 281 0113
Telex: 36370 GEGSRSHS

! SLOVAKIA REPUBLIC

EMPOS sr.0.

Aostislavova 13

14000 PRAHA 4

Crach Republic

Tefephone: [+38] (2) 692 50 8O
Fax: 1+38] {2) 6862 50 84
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SLOVENIA | TAIWAN | URUGUAY
SiIQ HWA Jaat Corp,
S1-61000 6F-3, Mo, 181 Fu-Hsing N. Aoad ;?::2:; s;sé%sas
10441
lé‘lj(';fzi\‘!!aéNA ¥2§\S§r}) o4 MONTEVIDEQ, CP 12300
Trzaska c.2 Reputlic of China Urugua

Tefephone: [+386) 61 12568 212
Fax: [+386]} 61 218 020
Tolgx: 31 265 YU ZAVTOM

SOUTH AFRICA

Measuralest cc

P.O. Box 6301

DUNSWART 1508

Transvaal

Republic of Soulh Africa
Tefophone: [+27] (11) 884 7721
Fax: (+27] {11) 694 6414
Telex: 747651 MTEST SA

SOUTH AMERICA

Marconi instruments

Latin American Division

24703 US rlwy. 180

Suite 215

CLEARWATER

Florida 34623, USA
Teiephone: [+1] (813) 726 1401
Fax! {+11(813) 726 1344

SPAIN

Telaphone: 1+886] (2) 710 3216
Fax: [+8BE) (2} 718 2885

| THAILAND

Yip in Tsoi & Jacks Lid

523 Mahaprutharam Road
.0. Box 2611

BANGKOK 10501

Thailand

Teiaphone: {+66)] (2) 236 3730
Fax: [+68] (2) 238 5693

Tefox: 82929 YIPJACKS TH,

Guay
Telephine: [+588] (2}
250908/2650239
Fax: [+598] {2) 251982

I USA

| TURKEY

Orko Mumessiliik
Tunus Caddesi 85/9
08680 Kavaklidere
ANKARA

Turkey

Taisphone: [+90] (312) 426 6047
Fax: [+90] (312) 426 5180

Tefex: 44498 OKAS TR

Marconi Instruments inc.

3 Pearl Court

ALLENDALE, NJ 07401

USA

Taigphone: {+1] {201) 934 8050
Toif Frae: 1 800 233 2955

Fax: (+1] (201) 34 9220

Tofex: 910 710 991 9752

VENEZUELA

[ UAE ABU DHASBI

Marconi instrumentos S.A.
Curopa Empresarial
CiAozabelia, No. 8

Edif. Paris, Planta Bafa, Glicing 1
28230 LAS ROZAS

bMadrid, Spain

Taiaphone: {+34] (1) 640 11 34
Fax: [+34] (13 640 08 40

Teiox. 57481 MIES E

Lid

P.O. Box 2534

ABU DHABI

United Arab Embate
Telephone; (+8711 (2} 720646
Fax: [+971] {2} 782702

Tolox: 22457 BCLAH EM

Communications UAE {Pte}

Marcoms De Venazusia C.A.
Edif Exagon Piso 5 OFC 87
Av Romulo Gallegos Bl Marques
Apartado 76702
CARACAS 1070A
Vengrusia
Teiephone: (+58] (2) 242 1110 or
[+58)] (2 242 1590
Fax: [+58] (23 238 0068 or
[+5B] {2)242 0241
Talex: 23049 DHMAR VT

VIETNAM

UAE DUBAI

SWEDEN

Proneste AB

8ox 6014

164 06 KISTA

Sweden

Telephone: {+46] {8} 632 65 70
Fax. [+48) (8 751 41 11

Telex: 18270 PROS

Business Communications UAE (Pte}
tid

United Arab Emirate

Tolophone: +871] (4) 225135/6/7 or

[+9711 (4) 220186/7/8
Fax: [+971] {4) 236193
Tolex: 47631 DUTEN EM

East Asiatic Company Ltd A/S,

Ho Cni Minh City Representative
Office

17 Ton Duc Thang Street, 2nd Floor
HO CHE MINE CITY

Vigtnam

Teleptone: [+84] (8) B23049%

Fax: [+B4} (8) 8230014

ZIMBABWE

| SWITZERLAND

UNITED KINGDOM

isatei Emitec AG
Hinterbergstrasse 8

8330 CHAM

Switzartand

Telephone: {+41] (42) 41 80 41
Fax: {+41] {42} 41 80 43

Marcon instrumenis Lid

The Airport

LUTON

Bedfordshire LU2 9NS

United Kingdom

Telephone: [+44] (1582} 33866
Fax: [+44] (1582) 417573

KDB Heldings (Pvi) Lid
53 Goveniry Road

Workington

P. Q. Box 2500
HARARE

Zimbabwe

Telaphone: {+263] {4) 758921
Fax: [+263] {4) 758028
Tejex: 26069 KDO 2w
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