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Why are there three level offset
adjustments in the MS2720T and
MS271xE Tracking Generators?

Introduction

There are three different functions used for offsetting amplitude or gain measurements in the MS2720T and
MS271xE handheld Spectrum Analyzers, when they have Tracking Generator options installed. This whitepaper
explains the differences among and when to use these three functions — RL Offset, Generator External Gain/Loss,
and Transmission Offset.

Anritsu hand-held Spectrum Analyzers with optional Tracking Generators to 20 GHz.



Reference Level (RL) Offset

This is used to adjust the power level (not gain) readings on the graph to account for an attenuator or amplifier between
the Device Under Test (DUT) and the instrument. In figure 1, you can see that the annotation for the left attenuator
in the diagram is highlighted when RL Offset is selected; this attenuator is between the Device Under Test (DUT)
and the RF Input on the instrument. Note that the figures that show data entry displays are from an MS2720T.

On the MS271xE series, the entries are the same, but the graphics showing the connections will not be present.

For example, if you have a high-power amplifier, you probably want to use a high-power-handling attenuator, such as
the Anritsu part number 1010-128-R. This particular attenuator can accept 150 Watts, and has 40 dB of attenuation.
By setting the RL Offset to “40 dB External Loss”, the instrument will now read the output power level of the
amplifier, which is 40 dB higher than what the instrument sees. So if the instrument sees a 0 dBm input, it will
display 40 dBm, or 10 Watts.

Another example is if you are using the tracking generator option, and your test setup has matching pads between
the instrument and the DUT. Again, RL Offset will display the actual power output from the DUT, rather than what
the instrument sees.

Yet a third use of RL offset is when you are using an external amplifier, such as a very-low-noise preamp to look at
very low signal levels. For example, if you have a preamp with 20 dB gain and 5 dB noise figure, this will drop the
effective noise floor of the instrument down to about 5 dB above KTB, or about —169 dBm/Hz. However without RL
Offset, the noise floor would look about 20 dB higher, due to the gain of the preamp. The signal levels would also
look 20 dB higher than the actual values. Setting the RL Offset to “20 dB External Gain” makes the instrument
display the noise floor and signal levels at the correct amplitudes.

To remind you of the RL Offset setting, right below the Reference Level annotation in the upper-left corner of the
display says e.g. “10 dB Ext Loss”. See Figure 2.
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Figure 1. Reference Level Offset corrects for attenuators or amplifiers between the DUT

Figure 1. e 10.0 dB Ext Loss
Figure 2. Annotation for Reference Level
Offset, in this case 10 dB of External
Loss which adds 10 dB to all measured
power levels.




Generator Ext Gain/Loss

This function is very similar to RL Offset, but it corrects the indicated (and set) output amplitude by the gain or loss of
an external attenuator or amplifier. In Figure 3, you can see the annotation by the right-hand attenuator, connected
to the instrument’s RF output, is now highlighted when Ext Gain/Loss is selected.

The most common usage for this is when using a matching pad when connecting to the DUT. It's also useful if the
DUT needs a larger signal than the instrument’s Tracking Generator can provide, and a driver amplifier is used for

this purpose.

If you have, for example, a 3 dB attenuator between the RF output and the DUT, and you adjust the instrument
amplitude to —10 dBm, then the instrument will actually set the output level to —7 dBm, but show that the output is
—10 dBm. To remind you of this setting, the generator output amplitude annotation in the upper-right corner of the
display (right above the graph) says “ —10 dBm (Ext Loss)”. See Figure 4.
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Figure 3. When Ext Gain/Loss is selected in the Generator menu, you can correct for attenuators & amplifiers connected to the RF output.
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Transmission Offset

So far, the 2 offsets are pretty simple—one for the RF Input (RL Offset) and one for the Generator Output
(Ext Gain/Loss). Why is a third offset required?

Transmission Offset is for use after Normalization, and applies only in a special case where:

» The DUT has either so much gain or loss that an attenuator or amplifier needs to be used to compensate for
the large DUT gain or loss, i.e. bring the signal level back to where the instrument can measure it in a
reasonable amount of time

* And

— The gain or loss of the compensating attenuator or amplifier is so large that it limits the dynamic range of
the measurement

— Orthe measurement requires a resolution bandwidth so low that the measurement takes too long
— Or the attenuator isn’t separable from the DUT (such as using a test port).

For example, a TV transmitter might take in a 0 dBm signal, and output 10 kW (+70 dBm). The transmitter is
somewhat non-linear, and it's desired (or even necessary) to measure its frequency response at full output power.

However the output of the TV transmitter is far beyond what the instrument can handle, necessitating an attenuator
before the instrument input of at least 40 dB, and often much greater. Assume that only a 70 dB attenuator is available
with the requisite power handling (or equivalently that there is a test port from the transmitter at 70 dB below the output
amplitude). This reduces the signal amplitude to 0 dBm. However if the attenuator is used as part of the Normalization,
the signal amplitude into the instrument is now —70 dBm. While this certainly can be measured, it necessitates using
a Resolution Bandwidth (RBW) of around 1 kHz for good SNR (during the normalization), which can slow the sweep
significantly.

Normalizing without the attenuator allows a much wider RBW, and therefore faster sweep times. When measuring
the example 0 dBm signal from the DUT, wide RBW is also sufficient (assuming that frequency resolution isn’t
limited by this).

In the case where a test port is used, Transmission Offset allows the instrument to show the actual gain of the DUT
to the output, rather than the gain to the test port. You can see how Transmission Offset is entered in Figure 5.



Another example is measuring a very high-loss device, for example looking at the rejection of a well-made cavity
filter. At frequencies below about 10 GHz, Anritsu handheld Spectrum Analyzers with a Tracking Generator option
can measure over 120 dB down to a filter skirt, but the measurement can take a very long time as the RBW that
must be used for this is 1 Hz. Instead, we can combine the DUT with an amplifier that has an output capability
greater than what the Tracking Generator can provide. If you did the Normalization using the amplifier, the output
level would be too high, and the instrument’s attenuator would need to be set at a high level — counteracting the
advantage of the amplifier. If instead the Normalization was done without the amplifier, low attenuation could be
used in the instrument, allowing the use of wide RBW when measuring the filter skirt (but not the filter passband —
that would overdrive the instrument’s front-end). Using Transmission Offset to compensate for the amplifier’s gain
allows showing the actual skirt amplitude.
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Figure 5. Transmission Offset compensates for amplifiers or attenuators added after Normalization.



Transmission Offset vs. Trace Math

While simple & quick, the Transmission Offset function has a key limitation — the frequency response of the
amplifier or attenuator that's being compensated isn’t included in the Normalization. Often, the measurement isn'’t
over a wide enough frequency range that this matters, or the variation is small enough that it's swamped by the
measurement uncertainty. However if the frequency range is such that you care about this response, the instrument
has a tool to help with that too — trace math.

The concept is simple—just measure the frequency response of the compensating device, then use trace math to
subtract this from the final measurement. The steps are:
1. Set up the frequency range of the instrument
Set up the Generator Output Power, in Tracking mode to an optimal value. This is often 0 dBm.
Normalize the instrument
Measure the frequency response of the compensating attenuator or amplifier
Store the response into trace B (Shift, Trace, Trace B, A->B)
Set Trace C to A-B mode (Shift Trace, Trace C, A-B->C)
Disconnect the compensating attenuator or amplifier

Depending on the DUT, you might want to change the Generator’s Output Power at this point. If so, you'll
need to re-normalize.

9. Blank traces A & B, and set the Active trace to C
10. Connect the DUT

11. Be sure to use the right-hand scale for these measurements. See Figure 6 for an example using trace math
along with Normalization.
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Figure 6. Example result using Trace Math along with Normalization. Use the right-hand scale in this case—about 25 dB loss on average for

this display.

Note that trace math for normalized traces is only available in the MS2720T as of this writing (March 2013). This
function is expected to be added to the MS271xE series in a firmware release in the near future.
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