Technical Article
Ratiometric Measurement - Improving Bridge Sensor

Sampling Accuracy

i3 TEXAS INSTRUMENTS

Yunjing Wang Analog FAE
This document was translated from a simplified Chinese source. (ZHCTA15)

The Wheatstone bridge sensor is a common sensor type for various industrial equipment, often used to

sense changes in physical quantities such as strain, pressure, and temperature. This article will introduce how
ratiometric measurement reduces the sampling error of the Wheatstone bridge sensor and improves system
sampling accuracy.

As shown in Figure 1, it is a typical Wheatstone bridge - quarter-bridge resistor sensor, which consists of two

parallel resistor branches, including three static resistor elements R and a variable resistor sensor R + AR.
Changes in physical parameters can be converted into the resistance change of the variable resistor sensor.

When the change in physical parameters is 0, AR = 0Q, and the bridge output V, = 0; when the physical
parameters change, AR # 0Q, and the bridge output Vout is as shown in Equation 1;

Vout = Vexcitation X [(R .If. -;3- .fizR) - (R f R)] = Vexcitation " [(2(21?%)] (1)

Figure 1. Quarter-Bridge Resistor Sensor
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A traditional sampling system for the bridge output is usually shown in Figure 2.

Figure 2. Bridge Sensor - Traditional Sampling Circuit

By substituting the bridge output voltage in Equation 1 into the ADC output code formula, the ADC conversion
code of the bridge voltage can be obtained as follows:

N
AR 2
ADCresult = (Vexcitation + Vexc_noise) ) [(2(2R T AR)] "VREF ¥ VREF noise 2)

It can be seen that when there is any error such as noise or temperature drift in the ADC reference voltage and
the bridge excitation voltage, they will be included in the ADC conversion code error of the bridge voltage, and
such errors are usually a larger contribution to the error of the ADC conversion result.

Using the ratiometric measurement method can easily cancel these two error sources of the bridge sampling
system, as shown in Figure 3, using the ADC reference voltage as the resistor bridge excitation voltage.

Figure 3. Bridge Sensor - Ratiometric Measurement Sampling

Then Veyeitation T Vexc noise = VREF T VREF noise- BY substituting this into Equation 2, the code output of the bridge
voltage configured with ratiometric measurement after sampling ADC conversion can be obtained:
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2NaR

ADCresultrgtiometric = 202R+ AR) 3)

It can be seen that the resistor bridge excitation voltage and the ADC reference voltage in the original Equation
2 are canceled out in the ADC results (atiometric Equation 3 of the ratiometric measurement. Correspondingly, the
contribution of the excitation voltage and reference voltage to the system error can also be eliminated.

Taking ADS124S06 as an example, use ADS124S06 to perform resistor bridge measurement, and compare the
system errors under two configurations: non-ratiometric measurement and ratiometric measurement. If using a
non-ratiometric measurement configuration with the lowest BOM cost configuration: the resistor bridge excitation
voltage is provided by the 5V of the system power rail Buck, and the ADC reference voltage uses the on-chip
reference. After room temperature calibration, under a 350mV resistor bridge voltage, the system error is
approximately 552ppm; using a ratiometric measurement configuration, as long as the ADC on-chip reference

is simultaneously provided to the resistor bridge excitation, without adding any additional system BOM cost, the
errors of the resistor bridge excitation voltage and the ADC reference voltage can be canceled out, and the
system error is reduced to 130ppm.

Therefore, using ratiometric measurement can eliminate the largest error source in sampling—the REF
reference error—without increasing the original BOM cost, thereby significantly reducing system error and
improving bridge sensor sampling accuracy.
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