
 

 

Find us at www.keysight.com          Page 1 
  

 

 

 

 

9 Best Practices for Optimizing  
Your Signal Generator – Part 1 
Making Better Measurements 
 

In consumer wireless, military communications, or radar, you face 
an ongoing bandwidth crunch in a spectrum that is filled with 
interference. Testing your devices via signal simulation is critical. 
Signal generators provide precise, highly stable test signals for a 
variety of components and system test applications. 

Knowing the capabilities and performance of your signal generators 
is the first step to make accurate and consistent measurements. In 
this two-part Application Note, we discuss the best practices to 
optimize your signal generator. 

 

Part 1: 

1. Increase Amplitude Accuracy 
2. Optimize Wide Bandwidth Signal Performance 

 
 
Part 2: 

3. Optimize Switching Speed 
4. Optimize Signal Generator’s Phase Noise Profile 
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1. Increase Amplitude Accuracy 
RF signal generators test RF components, receivers, transmitters, and systems. A wide output power 
range is required for a variety of applications. The output power range of signal generators is determined 
by the step attenuator which comprises different combinations of attenuators and the automatic leveling 
control (ALC) circuit as shown in Figure 1.1. The step attenuator provides coarse power attenuation (in  
5 dB steps) to achieve low power levels, and the ALC circuit is used to provide fine power level 
adjustment within the attenuator hold range. Signal generators offer very accurate amplitude levels at 
their RF output port. 

 

In a common test setup, you are likely to use passive devices such as cables, filters, or switches, and 
active devices such as amplifiers or mixers between your signal generator and the device under test 
(DUT). These additional components cause insertion losses or gains to the test system. You need to 
consider these factors and ensure an accurate amplitude level at the input to your DUT.  

In addition, RF signal generators can output as high as 25 dBm and as low as -120 dBm. If you need to 
go beyond the specified range, you can use an amplifier to increase the output power or an attenuator to 
decrease it. 

There are several ways to optimize amplitude accuracy while you use an external amplifier, an attenuator, 
or other passive accessories with a signal generator. The commonly used method is to use a vector 
network analyzer (VNA) to measure the gain or loss of the entire signal path and enter correction values 
into the signal generator. Read on to learn the best practices for improving amplitude accuracy using the 
built-in capabilities of new signal generators. 

 

 

 

 

Figure 1.1: A simplified block diagram of a ALC feedback circuit 
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BEST PRACTICE 1: Use Flatness Correction 
When you add components between the signal generator and the DUT, the calibration 
plane and test plane are not on the same plane. You must correct the difference 
between the two planes. 

User flatness correction allows the digital adjustment of RF output amplitude to 
compensate for external losses in cables, switches, or other devices. By using a power 
meter and sensor to calibrate the measurement system, a table of power level 
corrections can automatically be created.  

The USB power sensor (Keysight U2000 Series) can connect to Keysight X-series 
signal generator directly. The signal generator works as power meters and measures 
the power at the test plane. The correction values can be saved in the signal 
generator’s memory. You can recall and apply the correction values the next time you 
use the same test configuration. Between two frequency points, the correction value is 
determined by interpolation. Figure 1.2 below illustrates the flatness correction setup 
by using a signal generator and USB power sensor. 

 

Figure 1.2: Flatness correction using USB power sensor 

You can also use Keysight N1911A/N1912A or N4419A/B power meter to connect to Keysight X-series 
signal generators or performance signal generator (PSG) through GPIB to perform the correction. If you 
do not have the required Keysight power meter, you can enter correction values manually. 

 

 

 

 

The accuracy of 
the power meter 
measurement 
depends on the 
calibration factors 
of the sensor. Be 
sure to enter the 
calibration factors 
into the power 
meter (or the 
signal generator) 
prior to 
calibration. 
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BEST PRACTICE 2: Use External Leveling 
The RF output power of a signal generator is constantly monitored and controlled by the 
ALC circuit to ensure the output power does not drift over time or due to temperature 
fluctuations. If the condition of the external components such as amplifiers, degrades 
with time and temperature, the fixed flatness correction cannot solve the amplitude drift 
caused by the external components. 

External leveling lets you move the ALC feedback source closer to the DUT so that it 
accounts for most of the power uncertainties inherent to the cabling and components in 
a test setup. As the RF power level at the input of power coupler/splitter changes, the 
external detector returns a compensating negative voltage. The ALC circuit uses this 
negative voltage to level the RF output power by raising or lowering the signal 
generator’s power. This ensures a constant power level at the input of power 
coupler/splitter. 

Power loss is caused by insertion loss at the coupler. Be sure that your detector and coupler/power 
splitter are specified for the power and frequency range that you need. 

 

 

 

 

 

 

 

           

Figure 1.3: Test Setup for external leveling 

 

 

 
       

Keysight 
microwave signal 
generators 
support external 
leveling capability, 
such as PSG 
E8257D/E8267D, 
MXG N5183B, 
and EXG N5173B. 

http://www.keysight.com/
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2. Optimize Wide Bandwidth Signal Performance with Channel Correction 
When you use a signal generator to output a continuous wave, signal generator confirms its output 
amplitude accuracy at the RF output port. As temperatures rise over time, signal generator has an 
automatic leveling control (ALC) circuit or external leveling to monitor and adjust its output power. 

However, what we mentioned in the previous session applies to a specific frequency point amplitude 
compensation. At a different frequency point, a different offset value is applied for the amplitude flatness. 
When a signal is a modulated signal, the signal occupies a certain bandwidth. Only an offset value 
applied to the signal cannot correct flatness effects for the entire signal bandwidth. The effects are not 
only amplitude flatness, but also phase flatness. 

BEST PRACTICE 3: Use Internal Channel Correction 
Most new vector signal generators support an internal calibration routine that collects 
correction data for both the baseband and RF magnitude and phase errors over the 
entire RF frequency and power level ranges. The correction data includes the 
parameters of the correction filter applied to baseband waveforms in real time. The 
signal processing is done in a digital signal processor (DSP). This real-time correction 
is important, especially for wide bandwidth signal generation. 

Figure 2.1 shows the signal analysis of a 5G new radio (NR) signal; the signal 
bandwidth is up to 100 MHz. From the plot B, you can find the signal spectrum has a 
slight decline from left to right. Using the OFDM demodulation equalizer, you can easily and clearly see 
the channel frequency response has a difference between maker 1 and marker 2 of 2.6 dB as shown in 
the plot D. This difference results from the signal generator’s RF flatness. 

 

Figure 2.1: Measure a 5G NR signal with the internal channel correction turned off 

 

 

Only new vector 
signal generators 
support internal 
channel correction, 
such as Keysight 
MXG N5182B and 
EXG N5172B. 
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When the correction is on, the signal generator flattens the system magnitude and phase response 
across the maximum bandwidth support by the instrument (e.g. up to 160 MHz bandwidth for MXG 
N5182B). Figure 2.2 shows the same 5G signal, but the plot B signal spectrum is flat now. The difference 
of the equalizer channel frequency response is down to 0.6 dB. In addition, the error vector magnitude 
(EVM) has improved from 0.44% to 0.36% as shown in the plot C. 

You may wonder why the default setting of the internal channel correction is off. General purpose signal 
generators are optimized for performance, measurement speed, and cost. Most of the test scenarios are 
narrow bandwidths, just-enough performance, or high measurement speed. Channel correction has fewer 
impacts on the measurement results of narrow bandwidth signal generation and is not necessary as it 
increases test time. 

When the correction feature is on and frequency is changed, the firmware will calculate a channel 
correction filter. This process requires additional time; the amount of time depends on the type of 
frequency switching. 

 

 

 Figure 2.2: Measure a 5G NR signal with the internal channel correction turned on 
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BEST PRACTICE 4: User Channel Correction Calibration 
The user channel correction calibration extends the signal generator’s performance to a new 
calibration plane, the user's DUT input port. You can use a USB power sensor to perform 
the calibration as shown in Figure 2.3. You need to specify the start and stop frequencies, 
configure the power meter, and then execute the calibration.  

 

 

Figure 2.3: Use a USB power sensor to execute user channel correction calibration 

  

Run the user 
channel correction 
calibration when 
the ambient 
temperature has 
varied by at least 
±5 degrees Celsius 
from the ambient 
temperature at 
which the previous 
calibration was 
run. 
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End of Part 1 
Signal generators provide precise, highly stable test signals for a variety of component and 
system test applications. To make accurate and consistent measurements, it is important to know 
the performance and capabilities of your signal generator. In this first part of the two-part 
Application Note, we discussed the best practices for improving measurement accuracy, including 
flatness correction, external leveling, and internal channel corrections. In Part 2, we will talk about 
the best practices for optimizing measurement speed and phase noise profile. 

For more best practices on making better measurements, visit the RF Test blog. For more 
information about Keysight signal generators, visit www.keysight.com/find/sg. 

http://literature.cdn.keysight.com/litweb/pdf/5992-3422EN.pdf
https://community.keysight.com/community/keysight-blogs/rf-test/
http://www.keysight.com/find/sg
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