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Abstract. The resistance bridge is used as a pressure sensor, when the external force is applied to
generate 0 ~ 20mV voltage small signal, the precision instrumentation amplifier amplification 51
times, access to 16 bit high precision digital analog conversion (A/D) chip ADS1146. 16 bit A/D in
the input voltage of 3.6V, the minimum resolution of 0.05mV, to achieve high precision pressure
sensor signal acquisition, the accuracy can reach 0.1 grams. The A / D conversion to digital quantity
through the SPI interface connected to the low power microprocessor msp430g2553, and then sent
to the LCD display, through the calibration button and do some simple multiplication and achieve
more functional. Test results show that the small signal amplification link can achieve the stability
of the signal amplification, and can achieve accurate weighing.
Introduction
How to detect the weak electrical signal is a problem that the hardware circuit designer must
consider. In real life, we often to detect the pressure signal. Usually the pressure sensor is a
resistance bridge, there are four internal resistance. When there is an external force and deformation
sensor. Under the external force of bending, and the upper end of the elongated, lower pressure was
short, one end of the elongated with proportional corresponding resistance value, stub end in
negative proportion to reduce the corresponding resistance value. Because of the changes in
resistance, the voltage output of a bridge pressure is 0 ~ 20mv. To collect the voltage must be to
carry on the effective amplification, early amplified when people used LM324 op amp amplification
cannot collect signals effectively. And interference particularly large, accuracy is not up to the
requirements.
In this design, a new type of high precision instrumentation amplifier INA128 is used to amplify
the signal by 51 times, which has high common mode rejection ratio, and can effectively restrain
the interference by using differential input. The amplified signal is connected to the high precision
16 bit A/D for signal acquisition, and the converted signal is connected to the low power
consumption microprocessor MSP430G2553 for processing. Can achieve high precision weighing.
System Design
The system block diagram is shown in Fig. 1. The small signal sensor circuit can be a pressure
sensor, ultrasonic sensor and other sensors. Instrument amplifier using TI high precision
instrumentation amplifier INA128, when the input signal 200KHz, the gain of G can reach 100, its
common mode rejection ratio of CMRR reached 120dB, can effectively suppress the interference
signal. Negative pressure generation circuit provides -3.6V power supply voltage for INA128. In
the circuit design, INA128 can amplify the input signal by 51 times. Then input to high precision 16
bit A/D conversion chip ADS1146.
ADS1146 is a high precision, low noise, 16 bit A/D converter, which contains a programmable
gain control module (PGA), amplification ratio of 1, 2, 4, 8, 16, 32, 64, 128 adjustable. Built in
reference voltage, and can be output two DA. The analog voltage of the instrument amplifier can be
converted to digital quantity, and the microprocessor can be transmitted to the microprocessor
through the SPI interface. The microprocessor uses the TI low power processor MSP430G 2553, the
key circuit can carry on the school zero to the acquisition voltage, or does some simple operation,
displays the collection weight and other information on the display circuit.
© 2016. The authors - Published by Atlantis Press

255

Negative pressure
Generating circuit

Small
signal
sensor

Key
circuit

A/D
acquisition
circuit

Instrument
ation
amplifier

MCU

Reference
voltage
circuit

Display
circuit

Figure 1.

System design

Detailed Design and Key Technologies
Pressure Bridge and Instrumentation Amplifier Circuit Design. Pressure bridge and
instrumentation amplifier circuit is shown in Fig. 2. The equivalent circuit of the bridge pressure
such as Fig. 2 (left) shows, consisting of two fixed resistor R and a variable resistance R1 and R2,
when in the absence of force, bridge balance and pin 1 of the output voltage is VCC/2. 2 feet of the
output voltage is R2*VCC/ (R1 + R2). Pressure sensor is real graph abstraction as shown in the
diagram in Fig. 2 A, when in the absence of force, face F1 and F2 isometric; when a heavy into F1,
support due to the pressure sensor on the left, the whole will bend and on the surface of F1 is
elongated, will cause the R1 resistance to certain ratio increased, surface F2 is pressed short, will
cause resistance R2 to reduce certain proportion. This will cause the output voltage value of the 2
pin to change. Pressure sensor is usually full range of 1 feet and 2 pin differential output voltage
range is 0 ~ 20mv. This signal must be amplified, in the design of instrumentation amplifier
INA128 amplifier.
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Pressure bridge and its equivalent circuit

INA128 simulation circuit is shown in Fig. 3. The differential input, bridge pressure generated
voltage access ina128 2 feet (in -) and 3 feet (+). Between pins 1 and 8 access resistance Rg.5 foot
access reference voltage Vref, when power supply film is 3.6V, 3 shown TL431 can output stable
1.8V voltage. Negative pressure generated by TPS60400. The calculation of the magnification of
the INA128, as shown in the formula (1), the calculation of the output voltage, as shown in the
formula (2).
(1)
(2)
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Figure 3.

Pressure bridge and instrumentation amplifier circuit

A/D Acquisition Circuit Design. In this design, the filter circuit is omitted between the
instrument amplifier and the A/D acquisition circuit. At present, the latest signal chain design circuit,
the A/D, filter, PGA, D/A is often integrated in a chip. And ADS1146 is a new type of high
precision A/D acquisition chip. Its pin figure as shown in Fig. 6, the use of 3.6V power supply, 16
bit A/D can reach the minimum resolution of 3.6V/65536=0.05mV, enough to meet the demand.
The INA128 amplified voltage input ADS1146 7 feet (AINP) as the analog input, the digital output
after the conversion through the SPI bus, that is, ADS1146 14 feet (DOUT) and 15 feet (DIN)
connected with the MSP430G2553.
MSP430G2553 and Its Peripheral Circuit Design. In the design of the circuit in the third pin
(P11) and fourth pin (P12) as the SPI bus, P20, P21, P22 to do 12864 LCD display circuit serial
data input. P17 can be used as the A/D input interface, the detection of key input values.
12864 display circuit design
Display driver circuit as shown in Fig. 7, 12864 is graphics and text LCD, due to msp430g2553
pin Co., so the two 74HC595 serial to parallel conversion chip, driving 12864.HC595 can
msp430g2553 P22 pin input serial data through the parallel interface QA to QH output to 12864.

Figure 4.

12864 shows the driving circuit

Simulation and Test Results
At first, the output signal of the pressure sensor is tested in the simulation. Test, first of all to + 3.6V
voltage four wire pressure sensor red and black two lines, then the weight from 1 to 200 grams in
turn add to the test platform, test pressure sensor of green, white two output line voltage. We can get
the data shown in Table 1.
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Table 1

The relationship between the output voltage and the weight of the pressure sensor

1
2
3
10
53
193
458
1050 2000 5529
height（g）
voltage（mv） 0.001 0.002 0.003 0.01 0.046 0.167 0.398 0.869 1.693 4.682
The correspondence between the measured weight and the actual conversion is shown in Table 2
after the design of the software. As can be seen from the table, the error in the 0.1g or so, basically
meet the design requirements.
Table 2 The corresponding table between the measured weight and the actual value
1
2
3
10 50
100
200
1000
2000
5000
Actual weight（g）
Measuring weight（g） 1.1 2.1 2.9 9.9 49.8 100.1 200.2 1000.1 2000.2 4999.8

Conclusions
In this paper, a high precision instrumentation amplifier for small signal amplification of the
pressure sensor data link, due to the use of differential input, effective suppression of interference,
eliminating the filter circuit design. After simulation and test, the circuit can realize the effective
amplification of small signal. 16 bit A/D can be used to improve the accuracy of the acquisition.
The test results show that the high precision acquisition of small signal is realized, and the accuracy
is 0.1 grams. Has a certain practical reference value.
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