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The Essential Guide to  
Receiver Calibration 
Using Keysight’s U9361 RCal receiver calibrator 
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Wideband Receiver Calibration 
Product design, development, and manufacturing spanning many industries require accurate 
measurements. A best practice to ensure precise device measurements is through calibration. This 
application note focuses on wideband receiver calibration. 

Receiver calibrators mathematically remove errors from the raw measurement data enabling linear error 
correction of the signal analyzer measurements. The measurement reference plane for a typical 
wideband receiver calibration location is at the point where the test cables connect to the device under 
test (DUT). Calibration measurements should include the cables and connectors up to the device under 
test. This process will ensure the resulting measurements reflect the device’s performance by not 
including its path interference. 

 

 

 

 

  

Perform corrections easily and quickly 
Apply adjustments to your measurement system using the U9361 RCal and an X-Series signal 
analyzer. Achieve lower EVM and better absolute amplitude accuracy. 

Learn more about Keysight’s RCal solutions. 

http://www.keysight.com/
http://www.keysight.com
http://www.keysight.com/find/RCal
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Figure 1. RCal inserted into a wideband receiver system at the recommended reference plane 
 

A wideband receiver configuration consists of three main segments: 

• signal path 

• Tx; for this example, a DUT 

• Rx; for this example, a signal analyzer 

A test system’s key objective is to characterize a DUT — the system must isolate the DUT’s measured 
results from all other test segment effects. The instrument’s specifications determine the accuracy of the 
test equipment or signal analyzer. The signal analyzer’s specifications are valid up to the instrument’s 
input or output connectors, where the instrument sets the reference plane. 

It is important to determine the difference in the signal path’s effects versus the DUT since both are 
unknown. A test system’s signal path may include cabling and other devices such as switches, low noise 
amplifiers (LNAs), and passive test signal routing. 

Other components include signal conditioning components like filters, couplers, circulators, attenuators, 
antennas, or even free space for over-the-air (OTA) measurements. The inevitable losses in the signal 
path between the test instrument and DUT can degrade the system’s overall measurement accuracy if 
not completely removed. To mitigate test system losses, you must perform a signal path calibration. 
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Challenges of wideband receiver calibration 
As device frequency and bandwidths increase, test system errors and losses occur. To determine the 
device’s performance, you need to perform a test system calibration to reduce measurement setup path 
loss. The efforts to achieve system calibration can be expensive due to the test equipment required. 

For example, a test receiver system making mmWave frequency measurements requires calibration of 
the signal analyzer and signal path. This measurement requires a vector network analyzer (VNA) and a 
signal generator, both finely tuned using a power meter and power sensor combination. Since industry 
standards do not exist for test receiver system calibration, you must define and program the calibration 
process, which often requires a repetitive measurement cycle. 

Once you have gathered all the necessary equipment, you may begin the time-consuming vector 
calibration with a VNA. You can use a VNA to perform a vector calibration and a power meter to perform 
a scalar calibration. The scalar calibration uses a signal generator to output signals of known frequency 
and power. This calibration method requires characterizing the DUT pathway and then calibrating the 
signal path from the DUT output. 
 

Limitations of scalar (magnitude-only) calibration 
Figure 2 shows a scalar calibration that only characterizes the radio frequency (RF) path’s magnitude 
characteristic. During scalar calibration, you need to drive one end of the path between the signal 
analyzer and DUT with a signal generator and measure the other end with a power meter and power 
sensor. You then repeat this process at multiple frequencies over a designated frequency band. 
 

 
Figure 2. Scalar corrections before (blue) and after (yellow) RCal magnitude correction 

http://www.keysight.com/
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A signal generator outputs signals in a range of frequencies and power levels for testing the DUT. Using a 
power meter and power sensor, you can measure the power output at each frequency and power level, 
calculating the dB offsets and storing the data. 

The stored data includes the calculated offsets representing path loss and any internal inaccuracies of the 
signal generator. To determine path loss, compare a known signal source to the spectrum analyzer’s 
power level, then subtract the contribution from the path to the DUT. The disadvantage of this process is 
that it only calculates magnitude corrections and not phase. The process can help to achieve a relatively 
flat magnitude response but does not ensure a linear phase response over the frequency band of interest. 

 

 
Figure 3. Measure the loss through the input path using a power meter in place of your DUT 
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Limitations of vector (complex) calibration 
Vector calibration requires measurements of both magnitude and phase characteristics of the RF path. 
Performing a VNA calibration at the DUT’s input and output ports or using a calibrated network analyzer 
to measure an RF path’s S-parameters accomplishes this measurement. 

Vector calibration provides a complete characterization of the path by additionally correcting phase errors. 
However, this method requires additional steps, such as removing adapter effects and using the sum of 
the path (S2P) corrections. 

Removing adapter effects 
At higher frequencies, the effect of adapters in the measurement path can significantly affect the 
measurement quality. Adapter de-embedding is a process used to move the calibration plane away from 
the network analyzer, ensuring the signal path’s characterization. 

Using the sum of path (S2P) corrections 
The signal path from the DUT to the signal analyzer could include a cable, a complex measurement 
system, or an over-the-air (OTA) connection. You can quickly characterize the signal path by 
disconnecting the signal analyzer (receiver) and the signal generator (DUT) then using a VNA to 
characterize the path by measuring insertion loss (path loss or absolute loss) or insertion gain. 

Once you have determined these losses, you can now reconnect the newly characterized path to the 
analyzer. To compensate for path losses, apply the characterization to the signal analyzer using a sum of 
path (S2P) file. It may be necessary to compensate for multiple paths by creating multiple S2P files. 

Complex corrections support both magnitude and phase corrections versus standard corrections from 
.csv files, which support only magnitude corrections. When loading an S2P file, the component 
representing S21 — the measurement of the signal leaving port 2 relative to the signal coming into port 1 
— leads to the complex correction generation.  

These compromises and complexity that have plagued signal analyzer input calibration in the past can 
now be addressed with U9361 RCal. 

 

Receiver Calibrator (RCal) 
Use the Keysight U9361 RCal for quick and accurate calibration. U9361 RCal removes systematic linear 
errors in the test receiver’s frequency response, including spectral components (amplitude versus 
frequency error), relative amplitude, and phase linearity for signal analysis on specified frequency and 
bandwidth ranges. You can effectively characterize the entire test receiver system by combining the path 
and receiver (signal analyzer) and creating a flatness model across magnitude and phase. 

This process enables the isolation of the DUT to ensure measurement results are purely for device 
characterization. If you are making RF signal analyzer measurements at 100 MHz bandwidth or wider, 
use the U9361 RCal for the highest accuracy. 

 

http://www.keysight.com/
http://www.keysight.com
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How to use RCal 
The U9361 RCal includes a USB-C connector RF output, a 10 MHz reference In, and a trigger Out. 

RCal operation 
1. Connect the U9361 RCal USB port to a high-power USB port located on the front panel of a 

Keysight signal analyzer and labeled by a lightning bolt. 

2. Connect the Keysight X-Series signal analyzer’s 10 MHz reference signal to the U9361 RCal 
Reference In port. 

3. Set the RCal options reference status as EXT (external). 

4. Connect the RCal’s RF Out to the RF In of the signal analyzer. 

5. The signal analyzer preconfigures the interface. To view the calibration options, select Input / 
Output > Calibration > Configuration. The RCal screen displayed on the signal analyzer will show 
the calibration options (Figure 4), including: 

a. type (complex or magnitude) 

b. frequency range 

c. attenuation range 

d. number of points 
 

 
Figure 4. Calibration configuration screen on an X-Series signal analyzer to set RCal configuration settings 
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6. Connect RCal RF Out to the point in the path to which you would like to move the measurement 
plane. 

7. Click on “Calibrate checked rows” to initiate the RCal receiver calibrator and the signal analyzer to 
progress through selected calibrations and generate correction data. 

8. RCal applies correction information for PathWave X-Series Measurement Applications. Check Apply 
within the application to enable the specific correction. 

9. Disconnect RCal and reconnect the path. This has moved the measurement plane. The X-Series 
signal analyzer will dynamically keep track of your measurements and apply calibration corrections 
only to the states where needed. 

 

Multiport operation 
When creating test setup corrections for multiple ports, you can make corrections for each of the ports. 
Many test fixtures include switching elements that connect multiple input ports, one at a time, to the 
instrument’s input. The RCal software enables you to manage individual corrections for each port easily. 
You can turn corrections on or off as a set because the RCal software creates multiple correction groups. 
This function allows you to enable any corrections for the port in use quickly and disable all others. 

 

Similarities and Differences 
ECal using vector network analysis software 
Network analysis demonstrates a well-accepted example of path calibration. For VNA system calibration, 
you can conduct signal path cables and connectors calibration using the ECal modules. ECal modules 
connect via a USB to the Keysight PNA and ENA Series network analyzers to make calibration fast and 
easy. You can now complete accurate calibration in less than half the time and reducing the number of 
connections by simply connecting the new RCal module to an X-Series signal analyzer — the software 
controls the rest. 
 

RCal using a signal analyzer 
In the past, calibration for a signal analyzer test system required a great deal of test equipment, multiple 
test iterations, and user-written test software. You can use the U9361 RCal to achieve the same 
accuracy, efficiency, and value as the ECal VNA system. The RCal modules connect by USB to the X-
Series signal analyzers. This combination provides precision signal generation up to 110 GHz and 
eliminates the need for expensive test equipment for signal analyzer calibration. The U9361 handheld 
RCal module enables correction for absolute power accuracy, magnitude, and phase flatness without 
software development. RCal corrects linear errors in your measurement system, including the signal path 
and the signal analyzer. 

http://www.keysight.com/
http://www.keysight.com
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Comparison of ECal calibration kits and RCal modules 
ECal for network analyzers RCal for signal analyzers 

 
 

Passive device locates parameters of an open, short, 
and load 

Active device sends a signal from the precision source 
to a receiver 

Connected and controlled over USB Connected and controlled over USB 
Calibration data is available to the network analyzer. 
The network analyzer pulls in the data to create an S-
parameter model 

Calibration data is available to the signal analyzer, and 
the signal analyzer pulls in the data to create a signal 
generator 

ECal corrects for mismatch RCal corrects for magnitude and phase loss 
Maximum frequency at 67 GHz Maximum frequency at 110 GHz 

 

Summary 
If you are making RF signal analyzer measurements at 100 MHz bandwidths or higher, you can benefit 
from using the new U9361 RCal from Keysight. RCal effectively moves the measurement plane from the 
signal analyzer input to your DUT’s output. This solution ensures that your design parameters apply only 
to your device design and not to the cables and fixtures. In these wide bandwidth transceivers, phase 
errors across the analysis bandwidth can degrade EVM performance — a critical system specification. 

The U9361 RCal works with X-Series signal analyzers to improve your test receiver system absolute 
amplitude accuracy. The system does this by automatically removing linear impairments from fixtures 
cables and adapters in the test system. With frequency options up to 110 GHz and up to 5 GHz 
bandwidth, the U9361 RCal receiver calibrator can meet all your measurement requirements.  

Learn more about Keysight's RCal solutions www.keysight.com/find/RCal  

http://www.keysight.com/
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