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THE CIRCUIT DESIGN TO REDUCE THE ZERO DRIFT OF
THE SENSOR AMPLIFIER
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Summary. In the sensor measurement system, the zero drifting
question of sensor amplifier result in low accuracy of measuring .The
reason of the zero drifting was analyzed. Several kinds of sensor circuits of
automatic zero setting compensating was designed, according to analysis
operational principle kinds of compensating circuits. This has a positive
Impact on increasing the sensor testing precision.
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Foreword. In the modern production of coal mine, sensor is used
more and more widely in the measuring technical field, and it’s the primary
link to realize the automatic detection and automatic control. Weak signal
sensor must pass through the amplifier amplification before it can be
measured and used. However, the zero drift problem of sensor amplifier
has been a big problem. It is an effective method the sensor amplifier
circuit with automatic zero adjustment technology can compensate
automatically and continuously for the zero drift signal.

The basic requirements of measuring amplifier

In the field of sensor testing, it needs amplifying circuit to support
the signal acquisition of the sensor because the output signal of the sensor
is weak. In general, it asks the sensor amplifier has high magnification to
be able to amplify the weak signal; has the high input impedance to reduce
the influence on the measured signal; and has the high common-mode
rejection ratio in order to suppress the common mode interference which
may be on line.

Some practical problems in the process of using the sensor amplifier

Sensor amplifier is mainly integrated sensor. There are many kinds
of types at home and abroad which have very wide application. In addition
to universal integrated operational amplifier, there have many amplifier
circuits with special function, some properties of them are much better than
the general. For example, high input impedance is mainly used for
measuring amplifier and analog regulator. Active filter and sampling - hold
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circuit; high precision for precise detection, automatic meter and so on; low
consumption type for general telemetry, remote sensing, biomedicine and
space technology situation that energy consumption is limited.

In the selection of the sensor amplifier, in order to meet the use
requirements and precision the most important is zero except eliminating
the self-excited oscillation, in addition to the correct selection according to
the purposes and requirements. It is the elimination of sensor zero drift.
The so-called zero drift is the output of the amplifier is not zero when the
input signal of the sensor is zero. The main reason is the semiconductor
material does not mean or triode asymmetry. Therefore, most of the actual
operational amplifier at pin is provided with a zero terminal. It raised the
zero potentiometer to zero. But in the actual test, the zero only some static
zero, the zero method cannot eliminate because there are various
interference factors in the actual test site. Here are several automatic zero
adjustment circuit.

The working principle of automatic zero adjustment circuit.

Automatic zero adjustment principle is to design a zero adjustment
circuit, installed in the original sensor amplifier circuit front-end. Before
each measurement, sampled and preserved zero drift signal caused by
sensor amplifier and a variety of other factors, in the formal measurement
from the amplified output signal minus zero drift signal to gain real signal,
so as to eliminate the effects of zero drift. Automatic zero adjustment
circuit can generally be divided into digital and analog two types. The
principle of automatic zero adjustment circuit digital is: before the test to
measure zero drift signal, converted by the A/D to zero drift memory
preserved, in the formal measurement, use the good ( including zero drift
signal ) to minus the zero drift number in zero register. It can eliminate the
influence of zero drift to get correct measurement results. This method is of
high accuracy, fast speed and simple. But the circuit must have
microprocessor and the corresponding data processing software. In the
analog signal circuit for zero, the zero drift signal is stored in a capacitor or
a sample-and-hold circuit, minus the zero drift signal to eliminate influence
of zero drift in the formal measurement. This method has the advantages of
simple structure, reliable work, adding a plurality of components in the
circuit design.

The Basic automatic zero adjustment circuit.

The Automatic zero adjustment circuit (Figure 1) consists of the
main amplifier (the amplifier in the original instrument or circuit,
composed of Al), time keeping circuit (from S1 to AZ2),arithmetic
operation circuit (A3 and the related resistance ) and some simple logic
circuit.
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Figure 1 The diagram of automatic zero adjustment circuit

Analysis on the work process of zero adjustment circuit:

The working process is as follows: In the beginning of the
measurement, the logic circuit accepted a start pulse, the S3 was connected,
the capacitor was short. After a certain period of time, the S3 was
disconnected, S1,S2 were connected at the same time. The zero drift signal
was sent to the retaining circuit through S1, S2. The retaining circuit
exported the signal with the same amplitude and polarity with the zero drift
signal. Then, the logic circuit send out a start pulse that made S1, S2
disconnected. The sampling zero drift signal was still maintained in the
retaining circuit. The formal testing work began immediately. Because S1,
S2 was disconnected, the output signal of main amplifier was no longer
sent to the retaining circuit, but only sent to an input terminal of the
arithmetic operational amplifier. The two input terminals of the differential
operational amplifier A3 received two signals at the same time, one of them
was the zero drift signal, the other was the measurement signal that
included the zero drift signal. The difference of the test signal minus zero
drift signal was the true signal because of the symmetry function of the
differential amplifier. The influence of zero drift error was automatically
eliminated in each measurement process.

Because of the zero drift is a slow and gradual process, so this
method is effective. The problem lies in the zero drift signal can be
obtained only at no load or non state detection, measurement process often
sustained for a long time. It needs to measure the zero drift signal in the
whole measurement process. In order to ensure the accuracy of automatic
zero adjustment, it requires zero drift signal keeping in the measuring
process as small as possible. This must have certain requirements on the
retention time of hold circuit. It requires for hours in special cases. The
hold circuit designed according to the general method obviously can not
meet the requirements.

In general, it’s more difficult to let the capacitor to maintain a small
signal long time, with RC charging circuit as an example, as shown in
figure 2. Let C=10uF, R=10MQ( can be seen as input impedance of a
circuit ). The time constant of the circuit for the t=R*C=100 seconds, that is
the signal capacitance has disappeared 100 seconds later.

The time is too short for the analog automatic zero adjustment
circuit. A larger time constant can be acquired by increasing the
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capacitance or resistance, but capacitance with small electric leakage is
very difficult to obtain because of restrictions on technology. In addition,
time constant can not be too high, because the long discharge time,
charging time is extended accordingly. This is not allowed when the signal

IS zero.

~
¢

Figure 2

The circuit design of long time keeping signal

A long time keep circuit with a high impedance amplifier is
designed. The charging time is less than one second. The discharge time is
up to 1000 seconds. Figure 3 is the working principle of the circuit.

Figure 3 The principle diagram of the long time keeping circuit

Figure "F" is the signal source, "A" is an operational amplifier. When
the zero signal was sampled, S1, S2 were connected by using the control
signal, the capacitor is immediately charged by zero drift signal through
RC circuit.

Let C=10uF, R=50kQ, the constant of charging time: t=R*C=50 X
103x10x10-6=0.5 seconds. S1, S2 were disconnected when sampling is
over. The obtained zero signal by sampling was maintained on capacitance
C. R, C were no longer paralleled, C could not discharge through R.
Discharge could be possible only through the leakage current of the high
impedance amplifier. When the leakage current of the high impedance
amplifier was 10-10 A and the voltage across the capacitor was 10 MV, the
charge remained on capacitance : Q=C<U=10x10-6x10x10-3=107C;
the discharge time of capacitor: T=10-7.-10-10=1000 S.

Compared with the previously RC circuit, the charging time was
1/200, and the discharge time was 10 times. If we want to reduce the error
caused by zero drift signal to 1/2 of the original, the sampling must be
made every 500 seconds in the circuit.

The improved amplifier.
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It is not allowed to take sample on the zero drift signal every 500
seconds in some measurement. It is not conducive to the data processing
because of sampling time at short intervals and the huge collected data. The
circuit in Figure 4 could significantly increase the time of signal holding, to
further improve the accuracy of test results.

The improved amplifier in Figure 4 was similar to integral amplifier
circuit in form. The amplifier was 50 times of the original if R2:R1=50:1.
The potential at the two ends of capacitance was 50 times of the original at
the same time under the influence of zero drift signal.

Rz

51 R1 52

Figure 4 The improved amplifier

The circuit of the R1=1kQ, R2=50kQ, C=10uF, leakage currents of
amperes amplifier 1=10-10A, The zero drift signal is 10 MV, when switch
S1, S2 were connected, the output of integral amplifier:

Vo=R2/R1xVi=0,5V
the constant of charging time: t=R«C=50x103x10x10-6=0,5 S;
the charge remained on capacitance: Q=C+V=10x10-6x0.5=5x10"° C.

Capacitor discharge rate for the amplifier leakage currents of 1=10-
11 A, FPS lose electric line 10-11 C, all discharge time:
T=5x10-6.10-11=5%105S~140 H

Capacitor loses 50% charge after 70 hours. Considering the leakage
of capacitor itself and other factors, the actual holding time decreased, but
as long as the selection of high quality capacitor current leakage small (
generally can not choose the electrolytic capacitor ) and amplifier with high
input operational impedance ( such as F3l40, F3240 etc., the input
resistance is 1.5x1012 Q ), it can be realized to keep the 50% signal for
more than 4 hours in the strict craft measures. It can meet the requirements
of the vast majority of the detection process.

Conclusion. For the using driver test system, because of the reason
amplifier itself and some interference, some errors were brought to the
results by the output signal of amplifier. The error (zero drift ) can't be
eliminated in the sampling process for the parameter testing of high
precision. It will reduce the error greatly by using the designed zero
adjustment circuit, and also has a certain significance to improve the
precision of testing sensor.
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CXEMA YMEHBIIEHMS JPEN®A HYJISI YCAJIUTEJS
JTATYAKA

Banr llly Enp, Banr Kcy

AHHOmMayusa — B CUCTEMAX U3MEPEHUS CEHCOPA BOIPOC HYJIEBOI0
ApUPTA YCHIHNTEIA TATYMKA COCTOUT B HU3KOW TOYHOCTH M3MEPEHUM.
B crarbe nmpoaHaqM3UPOBAH BOINPOC HYJEBOI0 APUPTHUHIA YCUITUTEIS
natynka. HeCKOJbKO THIIOB CEHCOPHBIX CXeM AaBTOMAaTHYECKHU
HACTPOCHHBIX HA HYJEBOi [IPUPTHUHI ObLIM HCCIACAOBAHbI, U
CPAaBHHUTEJIbHbIA AHAJIM3 IMOKA3aJ ONEepPAlUMOHHBbIC IPHUHIMIIBI,
Pa3IMYAKIIME TOYHOCTh MOKA3aHUM. JTO JaeT MO3UTUBHBIM 3P deKT
JJISl MIOBBILIEHUE TOYHOCTH IaTYUKOB.

CXEMA 3MEHIIEHHS IPEA®Y HYJIS MIICUITIOBAYA
TATYAKA

Banr Iy €ub, Banr Kcy
AHoOTALIA

B cucremax BUMIPIOBAHHS CEHCOPA MUTAHHS HYJIbOBOIO APipTYy
MiICHIIIOBAYA JATYMKA MOJIATA€ B HU3bKIH TOYHOCTI BUMIPIOBaHb. Y
CTATTi MPOAHATI30BAHO MUTAHHS HYJbLOBOIO APiPTHHTIY migcHIIOBaYa
naTyuka. Kiibka TMIiB CEHCOPHUX CXeM AaBTOMATUYHO HAJIAIITOBAHUX
HA HYJLOBHMH JPUPTHHr OYyJH JOCJHIIKEHi, | MOPIBHSUIbHUH aHAJI3
MOKa3aB ONepauiiHi NPUHUMUIIHN, 0 PO3PI3HATH TOYHICTH MOKA3aHb.
e na€ mo3uTuBHMM edeKT NI MiABUIIEHHA TOYHOCTI JaTYUKIB.



