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Introduction
Frequency-translating devices (FTDs) such as mixers and converters are at
the core of today’s wireless communications systems. These devices present
unique measurement challenges since input and output frequencies differ,
requiring different measurement techniques than those used for linear
devices such as filters and amplifiers. 

A vector-network analyzer is one of the choices for measuring FTDs, however
there are several characteristics that make mixer test more challenging. 

This application note will be looking at overcoming measurement challenges
associated with FTD measurements by using the frequency-offset mode
(FOM) option on the ENA RF network analyzers. 

To derive the full benefit from this application note, you should have an
understanding of fundamental network analysis and the scalar- and vector-mixer
calibrations. Application notes 1463-6, 1408-1, 1408-2, and 1408-3 offer in-depth
material regarding mixer measurements and calibration techniques. See the
Related Literature section at the end of this document for more information.  
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Vector-Mixer Measurement Considerations

Effects of RF Leakage
The ENA offers the frequency-offset mode (FOM) option that provides 
frequency-offset sweep, external signal source control, and fixed-IF/RF 
measurement capabilities. In addition, the ENA FOM supports two advanced
mixer calibration techniques 1. The first one is the vector-mixer calibration
(VMC) that corrects for directivity, source match, load match, and reflection
frequency response at each test port by using a characterized calibration
mixer/IF-filter pair with de-embedding function. This calibration provides the
most accurate measurements of phase and absolute group delay. The second
one is the scalar-mixer calibration (SMC) that corrects the mismatches of both
the input and output test port by using the known vector reflection coefficients
of the test port, device, and the power sensor. This calibration offers the
highest accuracy conversion loss/gain measurement results since it is 
referenced to a traceable standard (power sensor/meter measurements).

The configurations of VMC and SMC are illustrated in Figure 1.  

As shown in Figure 1, the configuration of the VMC is slightly complex com-
pared to the SMC’s since the VMC requires a calibration mixer/IF-filter pair
to enable the up/down conversion configuration. Due to the complexity of
this measurement configuration, measurement error factors such as the RF
leakage should be considered when you perform mixer measurements using
the VMC.

Figure 1. Configurations of vector- and scalar-mixer calibration 

1. For detailed information on the ENA’s VMC and SMC, see the application note 1436-6, 
literature number 5989-1420EN.
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As shown in Figure 2, the RF leakage of a mixer under test (MUT) is one of
the significant error factors in vector-mixer measurements. In this figure, the
dotted line represents the RF leakage path when you measure conversion
loss (S12) of a MUT. Because of the MUT’s poor RF to LO isolation, a part 
of the RF signal leaks through to the MUT’s LO port and then goes into the
calibration mixer’s LO port.

Consequently, this RF leakage would result in significant measurement errors. 

Figure 3 shows the conversion loss measurement data comparison made with a
SMC versus a VMC. If a calibration mixer is perfectly reciprocal, the conversion
loss data of the SMC and VMC should be equal because they are both measuring
the same response. In this example, the same kind of mixer is used as the
calibration mixer and MUT and these are not reciprocal. Therefore, the non-
reciprocity of this mixer brings the measurement data differences between
SMC (S21) and SMC (S12). In addition, conversion loss with a VMC should 
be in between the SMC (S21) and SMC (S12) 1 because the VMC averages the
forward and reverse conversion loss of the calibration mixer. However, 
conversion loss with the VMC has a large ripple especially at the marker
point and this is due to the effects of RF leakage.

Figure 2. RF leakage path that would result in measurement errors

Figure 3. Conversion loss measurement comparison (SMC vs. VMC)

0.5 dB/Div, Ref-7 dB

SMC (S 12)

SMC (S 21)

VMC (S 12)

1. For detailed information on VMC accuracy, see the application note 1408-3, 
literature number 5988-9642EN.
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Figure 4. Verify the RF leakage

Figure 5. RF leakage through the LO port 

Verify the RF Leakage
In order to verify the RF leakage, you disconnect the cable between the 
calibration mixer/IF-filter pair and MUT (see Figure 4) and then measure
conversion loss (S12). In this example, the terminator is not connected to
the calibration mixer’s IF port since the low pass filter reflects most of the
RF signals. After disconnecting the cable, the de-embedding function should
be turned off to verify an actual RF leakage level.

As you can see in Figure 5, the RF signal leaks to the receiver port through
the leakage path and this leakage signal cannot be corrected with the VMC.

In Figure 3, ideal conversion loss with the VMC (S12) is approximately –5.3 dB
at the marker point since it should be in between the SMC (S12) and SMC (S21);
however, actual measured data is –5.8 dB (a difference of about 0.5 dB).
The RF leakage is also observed –35 dB at the marker point (see Figure 5).
Therefore, you can calculate this measurement data deviation at the receiver
port by using the equation on the next page.

RF leakage signal
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Measurement deviation at receiver port:

Total conversion loss 1 ` (conversion loss of MUT) + (conversion loss of calibration mixer)
` –5.3 dB x 2 ` –10.6 dB 

Actual RF leakage ` - (|RF leakage|- |total conversion loss|)
` - (|35 dB| - |10.6 dB|) ` –24.4 dB (0.06)

Measurement data deviation ` 1±0.06 ` 1.06 (+0.51 dB) or 0.94 (–0.54dB)

This deviation is almost the same as the difference between ideal and measured
conversion loss data with the VMC. Through this evaluation, you can easily
estimate a rough measurement deviation due to the RF leakage signal by
using this method. 

Reduce the effects of RF Leakage
As it is described in the VMC’s configuration, the RF leakage is one concern 
for vector-mixer measurements. In order to reduce the RF leakage, it is 
recommended to use isolators at the LO path that can reduce the leakage 
significantly. In Figure 6, you can see how the addition of isolators in key
positions can reduce the RF leakage. The isolators shown in Figure 6 need 
to pass the LO signal while preventing the RF signals from leaking through
the calibration mixer and MUT. 

Figure 6. Increase the measurement accuracy by using isolators in key positions

1. The total conversion loss is approximately two times larger than the MUT’s.
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Figure 7 shows conversion loss measurement results when using the isolators.
This graph includes measurement data made with a SMC and VMC in order to
verify the effectiveness of the isolators. As previously described, conversion
loss with a VMC should be in between the SMC data. By using the isolators,
the data made with a VMC (deep color lines) is perfectly in between the SMC
(pale color lines) data (see Figure 7). This evaluation result is an excellent
proof of effectiveness using the isolators in key positions. 

Through this evaluation, you can understand the importance of taking RF
leakage measurements when you perform the conversion loss measurements
with the VMC. 

Summary
The FOM on the ENA RF network analyzer provides advanced mixer-calibration
functions such as the VMC and SMC that permit highly accurate mixer
measurements. However, it is difficult to accurately evaluate mixers due 
to complex measurement configurations and to account for unwanted 
error signals such as the RF leakage.

Figure 7. Conversion loss measurement results with isolators

SMC

VMC
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