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This application note explains the application procedure for using the N432A with the thermistor mount to 
measure the power reference source of power meters. The first part of the article focuses on the fundamentals 
of the power reference measurement requirements. The second section provides step-by-step instructions 
for performing the measurement using the N432A thermistor power meter. The third part includes the 
measurement uncertainty or expected measurement error, which is a basic statistical method of obtaining 
the total measurement uncertainty. The final part of the article covers a brief overview of the new Keysight 
Technologies, Inc. N432A thermistor power meter.

Why Calibrate the Power Reference?

Measuring or verifying the 1 mW (0 dBm) 50 MHz power reference source is one of the key tasks when 
performing the annual service or calibration on RF power meters. In calibration laboratories or service facilities, 
engineers and technicians calibrate and measure the power reference in order to maintain the power meter’s 
measurement accuracy. In other words, maintaining the accuracy and traceability of the power reference 
indirectly minimize the power meter’s measurement uncertainty.

All existing RF power meters, such as the Keysight Technologies EPM-P E4416/17A, EPM E4418/19B, and 
the N1913/14A, have a power reference source (also known as a reference calibrator) that has a typical 
specification of 1 mW ±0.5% (23 ±3 °C) or ±0.9% (0 to 55 °C) (see Figure 1).

When measuring RF power, the calibration factor corrections done within the power meter (connected with a 
power sensor) are referenced to this 1 mW 50 MHz source. That is why prior to performing any direct power 
measurement using the power meter and sensor, it is necessary to zero and calibrate the meter to ensure the 
power measurement will be accurate.

Introduction

Figure 1. 1 mW (0 dBm) 50 MHz power reference calibrator on power meters
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As shown in the Figure 2, the power reference measurement is traceable to the 
National Standard (NIST). In order to obtain an accurate measurement when 
calibrating the meter’s power reference, the use of a thermistor power meter such as 
the Keysight Technologies N432A is recommended. This is because this power meter 
combined with the thermistor mount has a very low uncertainty. We shall elaborate 
more on the measurement uncertainty in the later portion of this application note.
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Figure 3. 1 mW 50 MHz power reference measurement setup

Figure 2. NIST traceability of RF power measurement

The typical measurement setup for testing the reference calibrators uses the N432A 
thermistor power meter with a Keysight 3458A 8.5 digit digital multimeter (DMM) 
as shown in Figure 3. This setup is widely used by calibration and metrology labs 
because the 3458A DMM provides superior accuracy and traceability. However, 
depending on the measurement accuracy needed, the 3458A DMM is optional. 
The N432A power meter has a built-in internal voltmeter to convert the DC bridge 
voltages to watts (or dBm).

Why Calibrate the Power 
Reference? (continued)
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The N432A has an internal digitizer that resembles a built-in digital voltmeter (DVM), 
providing an equivalent 6.5 digit DVM voltage measurement on the internal DC bridges. 
A simplified block diagram of the internal N432A is shown in Figure 4. There are two DC 
bridge circuits, the first bridge is called RF bridge and detects the RF power. The second 
circuit is called the compensated bridge and compensates for environmental temperature 
drift. The readings of the ambient thermistor are used to correct the readings of the 
sensor thermistor. This dual bridge operation is called compensated mode. 

Figure 4. N432A DC Wheatstone self balancing bridge

The impact of this built-in DVM improves the overall power measurement of the meter. 
The resulting benefits of this feature are that an external DVM is not required for the 
power measurement and that the overall accuracy of the power measurement is better 
than that obtained using only the 432A analog thermistor power meter. Figure 5 shows 
the voltage measurements panel in N432A.

Figure 5. N432A voltage measurement display

However, both VCOMP and VRF are available at the two BNC connectors located at the rear 
panel of the N432A. This is similar to the legacy 432A power meter, and these voltages 
will be measured by the external DMM.
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Special thermistor mount 
478A-H75/H76 or 
8478-H01

Optional specialty thermistor mounts (Figure 6) are used when performing power 
reference measurement because these mounts provide the lowest mismatch or standing 
wave ratio (SWR) at 50 MHz. The 478A Option H75 or H76, and 8478B Option H01 
provide only ≤ 1.05 of SWR at 50 MHz, compare to normal mounts which typically have 
a SWR of 1.3. The reason for using these special, factory-tuned low SWR at 50 MHz is 
to reduce the mismatch measurement uncertainty when these mounts are connected to 
the reference calibrator of the power meters. From past experience, mismatch errors can 
significantly impact the overall measurement uncertainty.

Figure 6. Special-tuned low SWR at 50 MHz thermistor mounts

1.  Connect the equipment as shown in Figure 2.
2.  Set the 3458A DMM to measure the DCV.
3.  Ensure that the N432A and the power meter under test have been powered on for at 	
	 least 30 minutes before continuing. (This is the recommended warm up time.)
4.  Zero the N432A making sure that the power reference of the power meter under test is 	
	 turned off. 
5.  Round the DMM reading to two decimal places and record this reading as V0. This is 	
	 the voltage measured between the VCOMP and VRF connectors when no RF power is 	
	 applied (the calibrator reference is turned off).
6.  Turn-on the power reference on the power meter under test.
7.  Round the DMM reading to two decimal places and record this reading as V1 (the 
	 reading is typically about 80 mV). In other words, V1 is the voltage measured between 	
	 the VCOMP and VRF connectors when the calibrator reference power is turned on.
8.  Disconnect the DMM negative input lead from the VRF connector on the N432A and 	
	 connect it to the N432A chassis ground.
9.  Record the DMM reading result as Vcomp (typically this is about 4.8 V). VCOMP is the 
	 voltage of the temperature compensated bridge.
10.  Calculate the power reference oscillator power using Equation 1. The value for R can 	
	   be typically set as 200 Ω. The CF is the calibration factor for the thermistor mount at 	
	   50 MHz. It is typically set as 99%.
11.  The expected power measurement results (calculated) should be 1 mW ±0.9%.

	
P = 

 2Vcomp (V1 – V0 ) + V 2
0  – V 2

1

		           4 × R × CF

Step-by-Step Power 
Reference Measurement 
Procedures

Equation 1
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Power Measurement 
Uncertainty

Power measurement uncertainty equation
The measurement uncertainty for measuring the 1 mW reference calibrators is based 
on the power measurement shown in Equation 2. The equation is a modified version 
of Equation 1 and includes the mismatch term (M) to account for the imperfect power 
transfer from the power reference (power meter under test) to the thermistor mount.	
 

	
P = 

    2Vcomp (V1 – V0 ) + V 2
0  – V 2

1

		        4 × R × CF × M

M is the maximum (worst case) mismatch uncertainty between the calibrator reference 
to be measured and the thermistor mounts connector. It takes the form (1±2Gs x Gd), 
where Gs is the power reference reflection coefficient and Gd is thermistor mount reflection 
coefficient. 

Typically the power measurement uncertainty assessment is obtained using the uncertainty 
tabulated budget model. The assessment starts by collecting all the uncertainty 
contributors, in this case they are VCOMP, V0, V1, R, CF, and M. The root sum square (RSS) 
of the total uncertainty contributors is then calculated. This is called the RSS method. 
Table 1 shows an example of the 1 mW power reference measurement uncertainty 
based on set up shown in Figure 2. The content has been simplified and only shows the 
individual contributions of each parameter in Equation 2. Refer to Keysight’s application 
note Keysight Fundamentals of RF and Microwave Power Measurements, application 
note 1449-3, literature number 5989-7083EN for details. The result shows that the total 
measurement uncertainty using N432A thermistor power meter and sensor is 0.46%.  

N432A power 
measurement uncertainty 
model assessment

Table 1. Measurement uncertainty budget table (with 3458A)

Uncertainty contributors Units Value ± Limits
Uncertainty contributed 
(standard uncertainty x sensitivity)

Voltage measurement for Vcomp V 4.8 0.00003845 4.67 x 10-9

Voltage measurement for V1 V 0.080 0.00000098 6.77 x 10-9

Voltage measurement for V0 V 0.0023 0.00000032 –2.23 x 10-9

Bridge resistance measurement, R Ω 200 0.00250 –7.35 x 10-9

CF (calibration factor) Ratio 0.99 0.004 (calibrated by standard lab) –2.06 x 10-6

M (mismatch uncertainty) Ratio 1.00 0.00142 (2 x Gs x Gd) –1.02 x 10-6

Root sum square 2.29 x 10-6

Coverage factor, k = 2 for 95% confidence 2

Expanded uncertainty 4.59 x 10-6

Expanded uncertainty in % for 1 mW 0.4597

Equation 2
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As mentioned earlier, the measurement setup shown in Figure 2 can be simplified by 
eliminating the use of the 3458A. The voltage measurements (VCOMP, V0, and V1) will rely 
on the internal ADC measurement accuracy of the N432A. Hence the measurement 
uncertainty assessment will yield different results. Table 2 shows an example for such a 
scenario and the results show a very small difference from the measurement uncertainty 
model with the 3458A DMM. The improvement of the voltage measurement from 6.5 
digit (N432A internal) to 8.5 digit (3458A) external yield is a non-significant improvement 
in terms of the measurement uncertainty. More importantly, in both cases, the CF and 
mismatch uncertainty always dominants the total uncertainty.

Table 2. Measurement uncertainty budget table (standalone N432A)

Uncertainty contributors Units Value ± Limits
Uncertainty contributed 
(standard uncertainty x sensitivity)

Voltage measurement for Vcomp V 4.78 0.00066730 8.14 x 10-8

Voltage measurement for V1 V 0.081 0.00001043 7.15 x 10-8

Voltage measurement for V0 V 0.0023 0.00000709 –4.95 x 10-8

Bridge resistance measurement, R Ω 200 0.00250 –7.35 x 10-9

CF (calibration factor) Ratio 0.99 0.004 (calibrated by standard lab) –2.06 x 10-6

M (mismatch uncertainty) Ratio 1.00 0.00142 (2 x Gs x Gd) –1.02 x 10-6

Root sum square 2.31 x 10-6

Coverage factor, k = 2 for 95% confidence 2

Expanded uncertainty 4.62 x 10-6

Expanded uncertainty in % for 1 mW 0.4620

N432A power 
measurement uncertainty 
model assessment 
(continued)
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Brief Introduction to the 
N432A Thermistor Power 
Meter

The N432A meter is the replacement model for the 432A power meter and includes 
enhancements and exciting features. This N432A thermistor power meter works 
perfectly with Keysight temperature-compensated thermistor mount sensors (478A and 
8478B). Together with these sensors, the meter measures RF power from –30 to +10 
dBm and cover the frequency range from 100 kHz to 18 GHz. It is the highest-accuracy 
power meter offered by Keysight.

The N432A operates on the basis of a DC self-balancing Wheatstone bridge which 
shall be elaborated on later. Hence, the N432A is the only RF power meter with a DC 
substitution measurement, enabling it to convert RF power to a DC measurement 
such as voltage (V) and resistance (Ω). This ability is why the meter is widely used in 
metrology and calibration labs worldwide to calibrate power meters and sensors, and for 
any application which requires accurate RF power measurement. 

In addition to the external VCOMP and VRF connectors at the rear panel, the new N432A 
has a built-in digital voltmeter (DVM). It is simply an internal ADC circuit that digitizes 
the VCOMP and VRF voltage measurements and displays the results on the front of the 
meter. The users can select which measurement results to display, ranging from power 
measurement (dBm, watts) to the voltage measurements (VRF, VCOMPENSATED, V0 and V1). 
This whole digitization resembles a digital voltmeter (DVM) that’s built inside the power 
meter, giving equivalent 6.5 digit DVM voltage measurement results. 



09 | Keysight | 1mW 50 MHz Power Reference Measurement with the N432A Thermistor Power Meter - Application Note

Conclusion

Reference

Over the years, thermistor-based power meters have been used to measure and calibrate 
the 1 mW 50 MHz power reference calibrator of RF power meters because of their 
accuracy, reliability, and traceability to standard labs. As shown in the power 
measurement uncertainty examples, these power meters (using a special thermistor 
mount) provide a very low uncertainty which is around 0.5%. 

The use of an external 3458A DMM to measure the VCOMP, V0, and V1 directly from the 
N432A power meter is a preferable setup for calibration and the standard lab because it is 
a more direct, traceable method and provides greater accuracy.

From the two examples shown, it is clear that the two most significant contributors are the 
mismatch error and the CF uncertainty. Hence to maintain low mismatch uncertainty, a 
super low reflection coefficient thermistor sensor is to be used. To reduce CF uncertainty, 
make sure the sensor is calibrated at the standard metrology labs to maintain consistency, 
low uncertainty, and minimum drift. 
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