Interfacing the MPXM2053 Pressure Sensor to the MSP430F449
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Figure 1: MSP430F449 and MPXM2053 Circuit Diagram

1. Principle of Operation

The MSP430F449 microcontroller interfaces with the MPXM2053 pressure sensor using 4 opamps that convert and amplify the pressure sensor’s differential output to a single ended output. The output of the amplifiers is connected to the microcontroller’s ADC input A0 on GPIO P6.0. This connection configuration is shown in Figure 1. 
Table 1: MPXM2102 Operating Characteristics (Vs = 10Vdc, TA = 25oC)

[image: image2.png]Characteristic Symbol Min Typ Max Unit
Pressure Range!!) Pop 0 — 50 kPa
Supply Voltage® Vs — 10 16 Vde
Supply Current o — 60 — mAdc
Full Scale Span(®) Vess 385 40 415 mv
Offsett®) Vor —10 — 10 mv
Sensitivity AVIAP — 08 — mVikPa
Linearity(5) — 06 — 04 %Vess





[image: image3.png]NOTES:
1. 10 kPa (kioPascal) equals 0.145 psi
2. Device is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce additional
error due to device self-heating
3. Full Scale Span (Vess) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the
minimun rated pressure
4. Offset (Vor) is defined as the output voltage at the minimum rated pressure.
5. Accuracy (error budget) consists of the following:
« Linearity Output deviation from a straight ine relationship with pressure, using end point method, over the specified
pressure range
« Temperature Hysteresis: Output deviation at any temperature within the operating temperature range, after the temperature is
cycled to and from the minimum or maximum operating temperature points, with zero differential pressure

applied
« Pressure Hysteresiss  Output deviation at any pressure within the specified range, when this pressure is cycled to and from the
minimurm or maximum rated pressure, at 25°C.
« TeSpan Output deviation at full ated pressure over the temperature range of 0 to 85°C, relative to 25°C
« TeOffset Output deviation with minimum rated pressure applied, over the temperature range of 0 to 85°C, relative

0 25°C.




The MPXM2053 is ratio metric, therefore the output voltage changes linearly with the supply voltage. The sensor will have a full scale span of 13.2mV instead of the specified 40mV with a 10V supply. The calculation of the full scale span is shown below:
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Single-Ended Output Conversion


The purpose of the signal conditioning circuit is to convert the MPXM2053 differential output to a single-ended, ground referenced output. The differential output is small for the MCU to process so a conditioning circuit is needed also to provide amplification.


This design has a barometric pressure range of up to 50 kPa. The output sensor is ratio metric to the supply voltage and the supply voltage is 3.3V, the FSS, Sensitivity, and offset are 3.3V/10V, or about a third, of the specified values at a 10V supply. Using these calculated sensitivity and offset ranges, the lowest and highest possible values were calculated.
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The maximum differential output of the sensor would therefore be 14.2mV.

Two-Stage Design


This two stage design buffers the differential output voltage of each of the sensors outputs and then uses differential amplification; this is shown in Figure 2.
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Figure 2: Amplification Scheme


The outputs of the sensor +VOUT and –VOUT are first buffered by op-amp’s A and B. The second stage of amplification connects the two buffered outputs to a common differential amplifier (op-amp C), also in Figure 2. The output voltage (VD) of the entire configuration of this circuit is:
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On Full Scale this output is:
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The range of the A/D converter is 0 to 4096 counts. The A/D values that the system can achieve depend on the maximum and minimum system output values:
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Where VXdcr = Transducer output voltage


VRH = Maximum A/D voltage (Using Voltage Supply as Reference)

VRL = Minimum A/D voltage
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The resolution of the system is determined by the barometric pressure represented by each A/D count. As calculated above, the system has a span of 3239 counts to represent a pressure from 0kPa to 50kPa. The resolution is determined by:
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