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1. Overview of Full Bypass Path 
The Full Bypass Path (FBP) is available for UXA and PXA Series Signal Analyzers (N9040B, N9041B, 
N9042B, N9030B). FBP combines the Low-Noise Path (LNP) and Microwave Preselector Bypass (MPB) 
to improve error vector magnitude (EVM) performance when measuring wideband signals in the power 
range of –15 to +20 dBm by lowering signal path loss thus improving sensitivity. Full Bypass is not 
available on the MXA Signal Analyzer (N9020B), since it does not have a low noise path to be able to 
bypass the low band switch. The Full Bypass Path was first introduced on N9040Bs with option H1G 
and then was made available on N9041Bs with H1G. More recently in 2020, the Full Bypass Path was 
made available on all UXA and PXAs with wideband digitizer options B2X or B5X and that have options 
LNP and MPB. In the year 2021, N9042B launched with the FBP option as standard. Options LNP and 
MPB are standard on UXA and are optional on PXA. 

The Keysight whitepaper 3 Best Practices for Optimizing EVM shows how EVM can be improved by 
adjusting the input mixer level, optimizing signal to noise ratio (SNR) for IF Digiziters, and optimizing 
phase noise for Wideband applications. In addition to these practices, FBP can be utilized to further 
improve EVM. 

EVM is becoming an increasingly important benchmark when analyzing wider bandwidth signals, but it 
is also becoming increasingly difficult to measure. As bandwidths increase, the amount of noise 
introduced likewise increases, degrading SNR in measurements. Normally, a preamplifier would 
improve Displayed Average Noise Level (DANL), but as modulation schemes become more advanced, 
the increase in distortion introduced by the preamp becomes too high and limits the EVM floor. 
Additionally, as devices trend towards utilizing less power with newer technologies such as Doherty, the 
ability to measure EVM of the device over the full power operating range becomes increasingly 
important. FBP is an option that can lower noise, increase sensitivity, and extend measurements to the 
full power range of your device under test (DUT). Together, these solutions improve EVM and extend 
testing to the lowest power levels possible. Signal analyzers can add in attenuation at higher power 
levels, so there is not a problem measuring EVM at higher power levels. Conversely, EVM can be 
improved for signal generators at the highest power levels by using digital predistortion techniques. 

 

Requirements 

• Options MPB and LNP 
• Option FBP License 
• ≥ 255 MHz Wideband Digitizer Option 
• A.25.00 or later X-Series Signal Analyzer software 

  

https://www.keysight.com/us/en/assets/7120-1026/white-papers/Three-Best-Practices-for-Optimizing-EVM-Measurements-for-Wideband-Signals.pdf
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2. Background: Additional RF Path Options 

Normal Path 

 

In the standard RF path, the input travels through the RF attenuator, preamplifier and preselector before 
reaching the mixer. This is the default path and is most useful for measuring low-level signals with a 
bandwidth under 45 MHz. Also, the preselector suppresses internally generated spurious signals that 
may otherwise be generated in the analyzer. When looking for external spurious signals coming from 
the DUT, a preselector is needed in the signal path when operating in the high band range of the 
analyzer (>3.6 GHz). However, when making demodulation measurements on wideband signals, a 
preselector is not normally used due to its bandwidth limitations and its passband ripple of up to 4 dB. 

 

Microwave Preselector Bypass (MPB) 

 
1. The 6 dB attenuation in the MPB path is only present for microwave analyzers and not mm-wave analyzers 

 

The MPB option bypasses the preselector to enable a flat spectrum response over the bandwidth of the 
digitizer. The preamplifier can be used in conjunction with MPB to improve SNR by boosting low-level 
signals. Additionally, the MPB path improves amplitude accuracy by eliminating the amplitude drift and 
passband ripple of the preselector. 

The MPB path contains a 6 dB attenuator to ensure that this path has roughly the same loss as the 
preselector path. The 6 dB attenuator is only present in the MPB path for microwave PXAs and UXAs 
and not mm-wave instruments (>27 GHz upper frequency range). Therefore, mm-wave instruments 
have a few dB better sensitivity through the MPB path.  

1
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The RF preselector (YIG tuned filter) has a limited bandwidth of 45 MHz to 70 MHz depending on the 
tuned frequency. If the input signal has a wider bandwidth than this range, it will be attenuated, 
degrading measurement performance. Also, the preselector has pass band ripple that degrades EVM 
performance. With MPB, wideband signals can reach the mixer unimpeded through the RF chain. So, 
MPB is best used when measuring wideband signals. 

 

The preselector’s narrow bandwidth can degrade wideband signal measurements 

 

MPB is extremely useful when measuring wideband signals, such as WLAN 802.11ax, 5G NR and 
wideband satellite communications. However, MPB is not effective in environments with strong out-of-
band signals. Since these signals are no longer filtered out by the preselector, they can lead to imaging 
and in-band interference, degrading SNR. In some instances, these out-of-band signals can even 
obscure the desired input signal completely, as shown below. 

 
Strong out-of-band signals can mask input signals when using MPB 

 

Low Noise Path (LNP) 

 

The Low Noise Path bypasses the Low Band Switch, avoiding several switches in the Low Band Switch 
circuitry. These switches cause loss proportional to frequency, degrading SNR as frequency increases. 
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Bypassing the preamplifier improves SNR and measurement sensitivity, since the Low Noise Path 
contains only a single, low-loss switch. This creates a flatter response, therefore improving fidelity for 
wider signals. Even though the benefit of LNP is greater at frequencies above 27 GHz, it can still 
improve EVM at wireless LAN frequencies in the 5 to 7 GHz range. The internal preamplifier is not 
available when using the Low Noise Path, since the low band switch that contains the analyzer’s 
internal preamplifier is bypassed. The Low Noise Path can only be activated when the analyzer start 
frequency is above 3.6 GHz and the preamplifier is off. 

 

The Low Noise Path bypasses lossy switches in the Preamplifier path 

 

The LNP path almost always improves EVM results at higher power levels that do not require use of the 
analyzer’s built-in preamplifier. However, measurements on signals with power less than –15 dBm or 
frequency less than 3.5 GHz can often still be improved with a preamplifier. The MPB path allows the 
use of the internal preamplifier, and an external preamplifier can be used with the FBP path. 

 

As frequency increases, the switches in the preamp path cause increasing loss 
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3. Theory of FBP  
 

 

The Full Bypass Path (FBP) combines the Low Noise Path (LNP) with the Microwave Preselector 
Bypass path (MPB). This RF path avoids the lossy switches in the low band switch and bypasses the  
microwave preselector. At mm-wave frequencies, such as 5G NR, FBP has up to 10 dB less loss than 
the normal path. 

 

FBP combines the benefits of LNP and MPB 

 

FBP improves measurement performance for signals with wider bandwidths than the preselector 
bandwidth (45-75 MHz) and high enough power so that the preamplifier is not needed. However, 
measurement considerations must still be made. 

Signals that are less than –15 dBm should be measured using the preamplifier, and the internal 
preamplifier is not available with FBP. However, for high-bandwidth low-power signals, MPB can be 
used with the internal or an external preamplifier. Additionally, FBP may allow out-of-band signals to 
create in-band imaging, causing interference. FBP may inadvertently reduce SNR by down-converting 
out-of-band noise into the band of interest, raising the noise floor. 

Maximum input power is reduced when using the Full Bypass Path. Since all protection diodes are 
bypassed with FBP, the maximum safe input power when using the Full Bypass Path is +20 dBm. 
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The optimum RF path is determined by Signal Power and Bandwidth 

  

Where it Works Well Where it Does Not Work Well 

Signals with a wider bandwidth than the Microwave 
Preselector (50-100 MHz) 

Environments with strong out-of-band signals 

Signals greater than –15 dBm, where the preamplifier 
is not needed 

Signals lower than –15 dBm, which require the 
preamplifier 

EVM Measurements for 5G NR, WLAN 802.11.ax, and 
other wideband digitally modulated signals 

Signals greater than 20 dBm, which are no longer 
prevented by protection diodes (In this case you can 
use an external attenuator to protect the signal 
analyzer from being overloaded) 

Limited to signals with frequency greater than 3.5 GHz Not available for analyzing signals with frequency less 
than 3.5 GHz 
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5. Using a Bandpass Filter With FBP 
Adding a bandpass filter after the DUT when using full bypass can sometimes further improve EVM  
results by 1 to 2 dB by rejecting noise from out-of-channel image products. For example, average EVM 
results for a 320 MHz wide 802.11be WLAN waveform generated from a Keysight VXG signal generator 
with a bandpass filter at 7 GHz can be better than -50 dB. 
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6. USB Smart Preamplifier and Full Bypass 
When using the Full Bypass (FBP) path, the low band switch is bypassed, which bypasses the built-in 
preamplifier path in X-Series Analyzers. It can sometimes be advantageous to add in an external USB 
Preamplifier such as the Keysight U7227C (100 MHz to 26.5 GHz) or the U7277F (2 to 50 GHz) to 
improve sensitivity. This is especially true for X-Series analyzers that do not have the newer low noise 
amplifier (LNA) path that the N9042B has.  Support was added for the external USB preamplifiers to the 
5G NR N9085EM0E measurement application in A.26.07 X-Series software so that calibration data is 
automatically applied from the preamplifier. 

The USB preamplifier extends the range for which excellent EVM results can be achieved through the 
Full Bypass Path, allowing for low-power measurements. Also, the USB preamplifier allows the 
measurement plane to be extended out from the analyzer to the DUT’s output. This eliminates loss due 
to external cabling and the internal cabling in the analyzer from the input connector through the 
mechanical attenuators. In general, the noise figure of a system is predominantly driven by the noise 
figure of the first amplifier. Therefore, using an external preamplifier usually produces the lowest noise 
figure when making signal analyzer measurements. Also, the Full Bypass path usually produces the 
flattest IF response. Together, they can produce the lowest EVM measurement over the linear range of 
the USB preamplifier. The drawback is that for higher power measurements it is necessary to 
disconnect and remove the USB preamplifier from the signal path. 

 

 
This plot compares EVM performance using Microwave Preselector Bypass, Full Bypass,  
and Full Bypass with an external preamplifier. The following conclusions can be made: 
• At the highest input powers, Full Bypass yields ~1 dB better performance. 
• Between –10 and –17 dBm input power, EVM performance is improved by up to 5 dB by 

using Full Bypass.  
• Between –17 and –27 dBm, using Microwave Preselector Bypass with the internal 

preamplifier yields the best performance. 
• At input powers less than –27 dBm, the best performance is achieved by using Full Bypass 

with an external preamplifier, with improvements up to 5 dB. 
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7. WLAN 802.11ax (160 MHz bandwidth) at 5 GHz Use Case

For input powers between –24 dBm and 0 dBm, the best performance is achieved using Full Bypass. 

8. 5G NR (100 MHz bandwidth) at 4.5 GHz Use Case

For input powers between –26 dBm and –13 dBm, the best performance is achieved using Full Bypass. 
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9. 5G NR (100 MHz bandwidth) at 39 GHz Use Case

For input powers less than -10 dBm, the best performance is achieved using Full Bypass. 

10. Low Noise Amplifier Path for N9042B
The N9042B has a new Low Noise Amplifier (LNA) path to drive down noise. This new path improves 
EVM at lower power levels. By incorporating two stages of gain, both low noise amplifier and 
preamplifier, this allows for greater flexibility to balance noise and distortion.  
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11. Resources
3 Best Practices for Optimizing EVM 
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