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Introduction

Thermometry bridges play a crucial role in 
temperature measurement, particularly when it 
comes to the interpolation of the Standard Platinum 
Resistance Thermometer (SPRT) specified by the ITS-
90. However, to achieve precise and reliable results, 
it is essential to calibrate these bridges accurately. 
In this article, we will explore the history of bridge 
calibration, common methods used for verification, 
and introduce a solution known as the Resistance 
Bridge Calibrator (RBC) developed by Rod White at 
MSL New Zealand [1].

The Linearity Check: A Simple Starting 
Point

 
One straightforward method for checking the 

accuracy of a resistance bridge involves measuring 
two resistors separately and then measuring them 
in series. Ideally, the series measurement should 
equal the sum of the individual measurements. This 
linearity check provides an initial assessment of 
the bridge’s performance and its ability to deliver 
accurate readings.

Complement Checks: Assessing 
Reciprocity

Another convenient way to evaluate a bridge 
is through complement or reciprocal checks. By 
connecting a resistor to the “reference side” of the 
bridge (Rs) and another resistor to the unknown side 
(Rx), one can compare the two reciprocal ratios. If 
properly calibrated, the product of these ratios should 
be unity, indicating accurate bridge performance.

Verifying Performance over the Entire 
Range: The Challenge

While linearity and complement checks are 
valuable tools, they are not sufficient for verifying 
bridge performance over a wide measurement range. 
Standard resistors with the necessary tolerance 
and stability are limited in availability, making it 
challenging to cover the entire operating range. 
Also, assuming that the bridge meets specifications 
from limited tests at a limited number of points can 
be risky.

Introducing the Resistance Bridge 
Calibrator (RBC): A Solution to 
Overcome the Limitations of Traditional 
Calibration Methods

Rod White developed the Resistance Bridge 
Calibrator (RBC). This innovative device utilizes a 
network of four base resistors that can be switched 
in various series parallel combinations, allowing for 
the realization of 35 distinct four-terminal resistances.
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Figure 1. The Four Base Resistors
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In order to ensure the current divides in proportion 
to the conductance of the resistors and the potentials 
are averaged correctly, it is necessary to use both 
current and potential sharing resistors. 

Tremendous care is needed at the common zero-
ohm point; even small variations in the PCB material 
can limit the performance. The principle is simple, 
but the implementation is demanding.

Up to 70 Ratio Values

When combined with a single reference resistor 
and reciprocal measurements, a total of 70 ratios can 
be generated to measure bridge performance across 
the entire operating range.

A Sample Test Report

The software allows the desired ratio values to 
be selected. Here we are using 34 ratio values, no 
complements (Figure 4).

As well as automatically gathering the readings 
and calculating the fitted values and residuals, we 
can plot the bridge linearity (Figure 5).

  The uncertainty can be calculated and a certificate 
printed.

Standard deviation of residuals: 1.033 x 10–8 
Standard uncertainty in the corrected readings: 
1.033 x 10–8 
Number of fitted parameters: 4 
Number of readings: 34 
Number of degrees of freedom: 30 
Expanded uncertainty in the corrected readings at 
the 95 % level of confidence: 2.110 x 10–8 
Coverage factor: 2.04

History and Development of the RBC

Initially, the RBC underwent rigorous testing on 38 
different resistance bridges, including both AC and 
DC types. The results revealed that one in five of the 
tested bridges were faulty, indicating the need for a 
reliable calibration solution. The concept of the RBC, 
with its four base resistors and versatile connections, 
proved to be a simple yet effective approach.

Figure 2. The 35 available connections from parallel series connections

Figure 3. 
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Temperature Control: Minimizing 
Uncertainty

The RBC’s uncertainty is primarily influenced 
by the temperature coefficients of the resistors and 

ambient temperature variations. The resistors used in 
the RBC are carefully selected, offering temperature 
coefficients within ±0.3 ppm/°C at temperatures 
ranging from 20 °C to 23 °C. To maintain accuracy, 
it is recommended to operate the RBC in a laboratory 

Figure 4. 
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Figure 5. 
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with precise temperature control, minimizing 
variations and ensuring optimal performance within 
the practical limits.

Further Development

The Automatic Resistance Bridge Calibrator builds 
upon the success of the manual RBC, leading to an 
improved version introduced as the RBCA. This 
automated model offers several benefits, including 
the ability to be placed into a temperature-controlled 
oil or air bath, effectively overcoming the temperature 
coefficient limitation. With enhanced internal 
circuitry, the Automatic Resistance Bridge achieves 
an impressive accuracy of 0.01 ppm (at 100 Ω). 
Additionally, automated operation eliminates the 
need for manual data capture and entry, streamlining 
the calibration process.

Results and Future Applications
 
The performance of resistance bridges, including 

the RBC, has been subject to comprehensive analysis. 
Researchers, such as Jon Pearce et al. at NPL, have 

published papers characterizing the performance of 
AC and DC resistance bridges [2].
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